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I.    THE    OSMOTIC    PRESS'JRE    OF    CANE-SUGAR   SOLUTIONS. 


I    N    T   ?1    0    D    U    C    T    I    0    N. 

The  importance  to  the  science  of  chemistry  of  the 
measurement  of  osmotic  pressijre  can  not  be  overestimated. 
It  was  from  a  study  of  the  results  obtained  by  Pfeffer,^  ' 
and  others,  that  Van't  Hoff  '   was  .led  to  put  forv/ard 
the  h'/pothesis  that  dilute  solutions  obey  the  £-as  laws. 
Whether  the  analogy  between  solutions  and  gases  holds 
for  concentrated  solutions  could  be  determined  only  by 
the  measijirement  of  the  osmotic  pressvire  of  such 
solutions.   Biit  t]ie  difficulties  conn^^-cted  with  the 
measurement  of  the  osmotic  press^ore  of  concentrated 
solutions  have  seemed  almost  insurmoim table.   Attempts 
to  repeat  even  the  meas^jrements  of  Pfeffer  have  generally 
failed. 


(1)  Osmotiscie  Untersuchungen  (18')'v), 
[?A     Ztschr.  phys.  Chem.,  1.,  481,  (183v), 


The  stud.y  of  osinotio  press^ire  v/as  begun  in  this 
laboratory  by  Morse  and  Horn    in  1901,   They 
discovered  that  a  semipernieable  membrane  could  be  de- 
posited rnuch  more  satisfactorily  by  the  electrol^'-tic 
method  than  by  the  diffusion  method  of  Pfeffer. 

V;ith  a  membrane  of  copper  ferrocyanide  they  measvired 
pressures  up  to  4.5  atmosphere.   Failuj:?e  to  measure 
greater  pressures  v;as  due  principally  to  inability  to 
seciu?e  the  manometer  in  the  cell. 

The  follovang  year  Morse  and  Fraser  made  great  improve- 
ments in  the  arrangements  for  securing  the  manometer  in 
the  cell,  and  also  in  the  construction  and  assembling  of 
tjie  parts  of  the  cell.   As  a  result  of  this  progress 

th.ey  v;ere  able  to  attain  a  pressure  of  abou.t  51.5  atmo- 
spheres with  a  normal  solution  of  cane  sugar. 

But  it  soon  became  appsj-ent  that  tiie  real  difficulty 
lay  in  obtaining  a  proper  support  for  the  membrane. 
This  problem  -/ras  then  taJcen  up  systematically  in  the 
laboratory  with  the  result  that  a  number  of  most  satis- 


(1)   Amer.  Oh  em.  Jo\ir. ,  26,  80. 
(2^   Amer.  Chem.  Jour.,  28,  1, 


factory  cells  have  been  obtained. 

The  difficulties  bein^^  thus  far  overcome,  a  careful 
determination  of  the  osmotic  pressure  of  solutions  of 

cane-sugar  v/as  undertaken  last  year  by  Morse  and  Prazer. 

(1) 
The  results  of  their  v;ork  v/ere  published    iinder  the 

title,  "The  Osmotic  Pressure  and  Freezing-Points  of 
solutions  of  Cane-sugar,"   From  their  measiu*ements  of 
the  osmotic  pressiu:*es  of  solutions  ranging  in  concen- 
tration from  0.05  to  1.00  sram-molecular  v/elght  of 
sugar,  in  1000  grams  of  water,  they  found  that  the 
hypothesis  of  Van't  Hoff  holds  provided  the  standard  for 
the  solvent  is  the  fixed  mass  of  1000  grams  of  water. 
Their  conclusions  v/ere  summed  up  as  follows:   "Cane- 
sugar,  dissolved  in  water,  exerts  an  osmotic  pressure 
equal  to  that  v/hich  it  would  exert  if  it  were  gasified 
at  the  same  temperature  and  the  volume  of  the  gas  v/ere 
reduced  to  that  of  the  solvent  in  the  pure  state." 
That  is  to  say,  cane-sugar  dissolved  in  water  exerts  an 
osmotic  pressure  tliroughout  the  larger  volujne  of  the 


(li  Ainer.  Chem.  Jour.,  34,  1. 


solution  equal  to  that  which  it  would  exert,  as  a  gas, 
if  confined  to  the  smaller  volume  of  the  pure  solvent. 
The  experlraental  error  in  their  measurements  was  too 
great  to  admit  of  deciding  whether  the  correct  standard 
for  osmotic  pressure  is  the  volume  of  the  solvent  at 
the  temperatuj?e  of  maximum  density,  or  at  the  temperature 
at  v/hich  the  presF;uj:'e  is  measirred. 

To  test  the  accuracy  of  the  Inferences  above 
dravm  it  is  evident  that  very  exact  determination  of 
osmotic  pressure  is  demanded.   YvTiile  the  results 
published  in  the  above  paper  v/ere  as  exact  as  experi- 
mental conditions  at  that  time  would  permit,  the  authors 
were  fully  av;are  of  the  fact  that  more  precise  results 
could  be  obtained  by  eliminating  or  obtaining  better 
control  of  certain  sources  of  error  which  necessaril3'' 
beset  their  work.   In  the  above  mentioned  paper  will 
be  found  the  following  statement,   "The  measurement  of 
the  osmotic  pressure  of  cane-sugar  solutions  will, 
therefore,  be  repeated  at  an  er^rly   date,  and  an  attempt 
will  then  be  made  to  improve  the  procedure  in  various 
ways,  v/ith  a  viev;  to  testing  more  thoroughly  the 
inferences  drawn  from  the  results  of  the  previous  v/ork. " 


It  v/as  suggested  by  Professor  Morse  that,  in 
fiilfilr-ient  of  this  promise,  a  nirmber  of  the  measurenentc 
previously  made  be  repeated  under  the  more  favorable 
conditions  that  now  exist.   Part  I.  of  this  paper 
contains  an  aooount  and  record  of  the  results  for  five 
different  concentrations.   It  should  be  mentioned  here 
that  the  cooperation  of  tv;o  parties  is  absolutolj'- 
essential  in  carrying  out  measurements  of  osmotic 
pressure,  and  that  in  this  v/ork  the  author  has  had 
associated  with  him  to.  W.  L.  Kennon,  who  has  been 
engaged  in  the  same  lino  of  work. 

The  sources  of  error  to  which  particular  attention 
v/as  called  in  the  above  paper  of  Horse  and  Frazer  were: 
(1)  The  "thermometer  effects,"  (P.)     the  uncertainty 
regarding  the  true  voliune  of  the  upper  end  of  the 
monoraeter,  and  (3)   the  inversion  of  sugar  v/liich  takes 
place  in  the  cell.   These  difficulties  v;ill  be 
discussed  in  sepairate  parts  of  this  paper i   How  and  to 
Y/hat  extent  they  have  been  overcome  wilJ  there  te 
described. 


THE   CELL, 


As  has  already  been  stated  the  preparation  of  a 
porous  cell  suitable  for  the  measurement  of  osmotic 
pressTore  has  been  a  problem  of  the  greatest 
difficulty.   In  great  measitre  the  problem  remains  yet 
unsettled,  but  so  rai:ch  has  been  accomplished  in  the 
evolution  of  the  cell  that  it  has  been  possible  to 
produce  in  the  laboratory  a  number  of  cells  of  almost 
perfect  character. 

The  Construction  and  Assembling  of  the 

Parts  of  the  Gell.-  The  details  of  the 
construction  and  assembling  of  the  parts  of  the  cell 
have  been  given  in  previous  communications!  •'- ^     In 
Figure  1.  the  porous  cell  is  designated  by  A.   By 


(1)  Amer.  Chera.  Jour.,  28,  1;  34,  1, 


means  of  a  sv/lftly  revolving  oarbonendum  disk,  the 
cell  v;hile  slov/ly  turning  in  a  chuok  on  the  lathe  is 
ground  internally  to  a  distance  from  the  open  end  of 
about  one-half  its  length.   The  grinding  is  continued 
until  a  shoulder  is  formed  entirely  around  the  cell  of 
sufficient  v/idth  to  support  the  soaps  tone  ring  b_^ 
The  letter  _a  designates  one  of  tv/o  channels  which 
serve  to  give  support  to  the  cement. 

The  hard  glass  tube  B  v/hich  connects  the  cell  with 
the  manometer  has  the  enlargements  _c  and  d,  which  are 
very  necessca?y  to  prevent  the  tube  from  being  pushed 
out  through  t^ie  cement  of  the  cell  or  of  the  metal 
piece  o_.   At  _e  tlie  tube  is  contracted  so  as  to  give  a 
better  hold  on  the  rubber  stopper  k.   For  this  glass 
connection  the  greatest  care  must  be  exercised  to 
select  a  piece  of  tubing  of  the  greatest  strength  and 
toughness.   The  frequent  fractiiring  of  this  tube, 
usually  the  constricted  end,  has  been  the  cause  of 
much  losR  of  time  and  labor  in  our  work. 

The  soapstone  ring  b^  is  bored  and  turned  out  on  the 
lathe  until  it  v/lll  fit  closely  over  the  end  of  the 
glass  tube  and  in  its  place  in  the  cell.   Its  lov;er 


end  is  beveled  Inward  to  prevent  the  lodgment  of  air. 

After  the  ring  has  been  put  in  its  place  on  the 
tube,  the  (Tid  of  the  p;lass  tube  and  tlie  beveled  side 
of  the  soapstone  ring  are  covered  v;ith  molten  shellac. 

The  tube  and  ring  in  an  inverted  position  are  then 

o 

placed  in  an  air-bath  and  heated  at  110  for  about 

o 
five  hours,  and  then  one  hou.r  longer  at  120  .   Any 

space  between  the  tube  and  the  ring  is  thus  filled  with 
the  shellac,  and  a  tight  joint  obtained.   The  addition 
of  shellac  is  continued  until  a  covering  of  considera- 
ble thickness  is  obtained.   The  whole  of  the  ground 
surface  in  tlie  interior  of  the  cell  is  then  painted 
several  times  with  a  dilute  solution  of  rubber  in 
carbon  bisulphide.   The  end  of  the  glass  tube  and  the 
soapstone  ring  are  painted  in  the  same  way,  and  the 
ring  carefully  inserted  in  its  place  in  the  cell.  The 
whole  interior  surface  above  the  ring  is  again  painted 
and  the  rubber  vulcanized  by  heating  in  the  air-bath. 
To  insure  f\irther  against  leaks,  shellac  is  then  melted 
in  the  bottom  of  the  cavity  and  painted  with  rubber 
solution. 

The  purpose  of  the  painting  v;ith  rubber  is  to 
effectually  protect  the  cement  from  any  contact  with 
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the  solution  in  the  cell  or  the  water  outside.  The 
cement  used  is  a  mixture  of  lead  oxide  and  glycerine 
containing  about  10  per  cent,  of  water. 

The  four  "brass  pieces,  _o,  £,  h,  and  1   serve  to 
hold  the  stopper  and  manometer  in  the  cell.   The 
piece  £  is  bound  to  the  tube  B  by  the  litharge-glycerine 
cement . 

The  collar  £  is  provided  v;ith  an  interior 
flange  which  loclcs  with  the  exterior  flange  of  o.   The 
nut  h  is  threaded  to  fit  the  interior  thread  of  ^, 
The  brass  piece  i_  is  concave  at  the  bottom  where  it 
rests  upon  the  stopper.   This  serves  to  prevent  the 
stopper  from  moving  in  any  other  direction  than  toward 
the  interior  of  the  cell.   The  holes  h  and  _i  through 
which  the  manometer  passes  must  be  sufficiently  large 
to  allov;  considerable  play  for  the  manometer. 
Otherwise  the  manometer  may  be  broken  when  the  mit  h 
is  screv;ed  dovm.   The  cork  ring  _1  holds  the  cell  in 
its  place  in  the  bottle  containing  the  v;ater  in  v/hich 
the  cell  is  immersed. 

The  cell  used  in  making  the  greater  part  of  the 
measurements  recorded  in  this  paper  vail  be  designated 
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as  G,   This  cell  before  burning  had  a  length  of  9.12 
cm.,  an  external  diameter  belov/  the  rim  of  3.58  cm., 
and  an  internal  diameter  at  the  open  end  of  2.51  on. 
After  burning  its  length  was  8.25  cm,  Internal  diameter 
at  the  open  end  2.28  cm.,  external  diajneter  Just  belov; 
the  rim  3.20  cm.,  and  external  diameter  at  the  bottom 
2.60  cm.   The  cell  tapered  ,044  cm.  per  cm.  of  length. 
Its  total  capacity  after  the  assembling  of  all  its 
parts  was  16.1  cc. 

The  Preparation  and  Development  of  the  Membrane. - 

On  account  of  the  almost  ideal  character  of 
cell  G  the  history  of  the  preparation  and  development 
of  its  membrane  will  be  given. 

The  air  v;as  removed  from  the  cell  walls  by  the 
usual  metliod  of  endosmose.   The  electrodes  were  both 
of  platinum.   For  cells  of  very  fine  texture  a  0.005 
normal  solution  of  lithiiim  sulphate  is  used  instead  of 
a  solution  of  potassium  sulphate  of  the  same  concen- 
tration on  account  of  the  higher  rate  of  endosmose  of 
the  former  solution.   With  a  current  pressure  of  110 
volts  the  endosmose  for  G  was  less  than  40  cc.  per  houj?. 
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After  about  500  cc.  of  water  had.  passed  throiigh  the 
walls  the  sulphate  solution  v;as  replaced  by  distilled 
water  and  the  electrolysis  continued  until  all  the 
sulphate  v/as  removed  from  the  cell.   The  cell  was  then 
filled  with  recently''  boiled  distilled  water  and  placed 
in  a  vessel  of  the  same  until  it  was  desired  to  deposit 
the  membrane. 

In  depositing  the  membrane  of  copper  ferrocyan- 
Ide  in  the  cell  the  method  of  Morse  and  Horn  v;as  followed. 
A  description  of  the  form  of  apparatus  in  use  may  be 
had  in  a  previous  paper.      The   anode  and  cathode 
were  respectively  of  copper  and  platinum.   The  solution 
of  potassiura  ferrocyanide  placed  in  the  cell  and  that 
of  the  copper  sulphate  outside  were  both  of  0.  1  normal 
concentration.   The  former  was  renewed  every  fev/  minutes 
to  prevent  the  accumulation  of  alkali  and  the  consequent 
injury  to  the  membrane  formed. 

A  current  pressure  of  about  110  volts  has  been 
found  the  most  satisfactory  voltage  to  use  in  the 


(1)  Amer.  Chem.  Jour.,  34,  1, 
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depoBition  of  t}ie  copper  ferrocyanide  membrane.   With 
a  voltage  of  106,  cell  G  offered  a  resistance  of 
106000  olims  v.'lien  the  electric  circuit  vms  first  closed. 
This  great  resistance  vvas  due  no  dov:bt  to  the  pores  of 
the  cell  v/all  being  filled  with  water.   The  resistance 
soon  began  to  decrease  and  in  exactly  one  hour  ft:*ora 
the  time  of  closing  the  circuit  it  had  fallen  to  22660 

ohms.   Prom  this  point  on  the  resistance  increased 
imtil  in  45  minutes  more  it  v;as  34354  ohns.   After 
soaking  the  cell  over  night  in  distilled  v/ater  the 
membrane  forming  process  v/as  continued.   In  one  hour 
the  resistance  had  reached  107400  ohms  v/hen  it  began 
to  fall  slightly.   The  cause  of  this  falling  after  a 
time  is  not  known,  although  it  has  often  been  observed. 

At  this  point  the  cell  v/as  again  soaked  in 
distilled  water  until  the  next  day  when  after  less  than 
two  hours  with  a  voltage  of  108  the  resistance  had 
risen  to  270000  ohms  and  remained  constant.   This 
resistance  was  the  highest  up  to  that  time  obtained  with 
any  cell,  and  was  regarded  as  the  "maximum  resistance" 
for  this  cell,  although  in  several  instances  afterwards 
the  resistance  reached  575000  ohms.   V/henever  in  any 
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subsequent  reenfor cement  of  the  membrane  the  reBistance 
became  constant  at  870000  ohms  the  membrane  was 
considered,  as  certainly  ready  for  a  measurement  of 
pres.'^ure.   Hov/ever,  it  has  been  observed  that  ,1ust  as 
good  a  measurement  can  be  obtained  v/hen  a  much  lower 
resistance  is  reached.   What  resistance  a  cell  and 
membrane  v/ill  offer  to  the  current  vrlll   depend,  no 
doiibt ,  upon  a  number  of  conditions.   But  our  experience 
has  been  that  after  a  measurement  of  pressm'e  the 
soaJcing  of  the  cell  in  water  for  a  considerable  time, 
at  least  twelve  hours,  is  the  surest  way  to  obtain  a 
high  resistance  iipon  aprain  repeating  the  membrane 
forming  process.   If  the  process  is  repeated,  early 
after  the  removal  of  a  sugar  solution  from  the  cell  it 
is  seldom  that  the  maximum  resistance  is  reached.   It 
has  been  our  plan  always  after  a  measurement  to  soak 
the  cell  over  night  in  distilled  water  before  again 
attenqoting  to  reenforce  the  membrane  for  another 
measurement. 

If  the  result  of  the  first  deposition  of  the 
membrane  in  a  new  cell  is  encouraging,  the  usual 
procedin'e  is  to  set  the  cell  up  with  a  preliminary 
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solution  of  sugar  of  about  half-normal  concentration. 
To  this  solution  Is  added,  in  the  case  of  a  membrane  of 
copper  ferrocyanide,  enoUf^h  potassium  f errocyanide  to 
make  a  tenth-normal  solution,  e.nd  the  cell  is  placed 
in  a  tenth-normal  f;olution  of  copper  sulphate.   This 
procedure  is  thought  to  strengthen  the  membrane  by  a 
process  of  rupture  and  subseouent  mending  in  weak 
places.   It  also  throv/s  light  upon  the  character  of 
the  cell  wall. 

In  settinr;  up  a  cell,  after  the  insertion  of 
the  stopper,  a  mechanical  pressure  is  brought  to  bear 
upon  the  cell  and  its  contents  by  means  of  the  nut  and 
collar.   In  the  case  of  very  high  concentrations  the 
nut  is  repeatedly  screv/ed  dovm  until  t]\e   experimenter 
is  satisfied  that  sufficient  pressure  has  been  brought 
to  bear  to  prevent  the  removal  of  the  stopper  during 
the  experiment.   This  "initial"  pressure  for  high 
concentrations  is  often  made  equal  to  14  or  15 
atmospheres,  but  this  pressure  is  never  made  equal  to 
the  osmotic  pressui^'e  of  the  solution. 

In  the  preliminary  trial  v/lth  cell  G  an  initial 
pressirre  of  about  2.5  atmospheres  was  brought  to  bear. 
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The  mercury  continued  to  rise  in  the  manometer  until 
it  indicated  a  pressure  of  about  5  atmospheres.   The 
mercury  then  fell.   That  the  membrane  was  ruptured 
considerably  v;as  shovrn  by  its  lov;  resistance  at  the 
beginning  of  the  next  membrane  forming  process,  and 
from  the  fact  that  after  four  hours  the  resistance  was 
only  93000  ohms.   However,  the  cell  was  again  set  up 
as  before,  and  a  pressiore  of  about  13  atmospheres  was 
attained. 

The  cell  was  then  considered  ready  for  an 
exact  measurement  of  pressure,  and  was  set  up  7;ith  a 
0,6  weight-normal  solution.   After  this  measurement, 
in  the  difficult  operation  of  removing  the  stopper  from 
the  cell,  the  exterior  end  of  the  glass  tube  of  the 
cell  was  fract-ored. 

By  exercising  the  greatest  caj-e  we  succeeded 
in  repairing  the  breali  and  in  about  a  v/eek  the  cell  v;as 
again  ready  for  use  with  a  membrane  resistance  of 
280000  ohms. 

Our  experience  has  been  that  in  the  beginning 
of  the  history  of  a  membrane  there  is  considerable 
leakage  and  dilution  during  a  measurement,  ftiid  for  this 
cause  our  first  experiments  were  rendered  unreliable 
and  had  to  be  repeated. 
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T  H  E   MANOMETER. 


In  Plfrs.  Land  II.  are  sho-m  the  form  of 
manometer  used  previous  to  this  v/ork,   The   raanometer 
tube  harl  a  diameter  of  bore  of  about  0.5  millimeter, 
and  the  length  of  the  column  of  enclosed  air  r/as  from 
400  to  450  millimeters.   On  the  descending  limb  of 
the  manometer  was  blown  a  bulb  to  serve  as  a  rest3rvoir 
for  the  mercury,  while  upon  the  open  end  v/a::;  another 
bulb  to  prevent  the  manometer  from  slipping  tliroiigh 
the  stopper. 

This  original  form  vms  sub;ject  to  several 
serious  objections.   In  the  first  place,  in  the  very- 
difficult  operation  of  inserting  the  manometer  in  the 
cell,  the  enclosed  air  v/as  likely  to  pass  the  bend  in 
the  tube  and  escape  into  the  bulb,  or  the  solution 
from  the  cell  night  get  past  the  mercury  into  the  air 
space.   As  a  result  of  one  or  the  other  of  these 
causes  the  manometer  had  to  be  frequently''  refilled,  an 
operation  requiring  considerable  tine.   This  defect 


17- 


in  the  original  form  has  iDeen  overcome  by  blov/inr,' 
another  bulb  in  the  ascond.lnp'  3j*ra  of  the  manometer 
directly  opposite  that  in  the  descending  arm.   As  a 
result  of  this  Improvement  our  raonometers  have  never 
required  refilling.   The  manometer  is  fiu-ther 
improved  by  substituting  for  the  bulb  on  the  open  end 
an  enlargement  made  without  increasing  the  bore  of  the 
tube.   This  renders  it  less  difficult  to  replace 
solutions  in  the  manometer,  and,  further,  diminishes 
the  chances  of  getting  air  into  the  bend  of  the  tube, 
or  makes  the  removal  of  the  sa:ne  a  very  simple  matter. 

But  by  far  the  most  serious  objection  to  the 
older  manometer  lies  in  the  uncertainty'-  regarding  the 
volume  of  the  closed  upper  end.   Since  in  the  measure- 
ment of  a  pressure  of  about  24  atmospheres,  approximate- 
ly that  of  a  v/eight-normal  solution,  the  length  of  the 
air  space  is  only  about  18  millimeters,  varying  vilth 
different  manometers,  this  uncertainty  becomes  a  matter 
of  most  serious  consequence.   This  difficulty  has  been 
most  successfully  overcome  by  replacing  the  air  in  the 
upper  end  ^^vith  a  thread  of  mercury,   Hov;  this  is  done 
will  be  described  in  connection  with  the  filling  of 
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the  manometer.   The  improved  form  of  manometer  v/ith 
v/hich  the  measurements  here  recorded  v/ere  made  Ir 
shov/n  in  Fig,  IV. 

Calibration  of  the  Manometer. - 

The  careful  calibration  of  the  manometer  is  a 
rnatter  of  the  greatest  importance.   Tile  form   or 
apparatus  for  carry in;^  out  this  calibration  is  shown 
in  Pig.  Ix.f  and  has  been  ftiliy  described.       The 
method  of  calibration  is  similar  in  principle  to  that 
employed  for  endioiueters.   On  the  manometer  rrre  etched 
two  lines  of  reference,  one  at  £  (Fig.  II.)  on  the 
ascending  arm,  the  other  near  the  top  of  the  manometer. 
The  calibration,  briefly  described,  is  carried  out  as 
follows:   After  being  carefully  cleaned  and  dried  the 
manometer  is  filled  v/lth  pure  mercury  and  connected 
with  the  calibrating  ap::aratus  which  is  also  filled 
v/ith  mercury,   A  short  thread  of  mercury  (h  Fig.  II.) 
is  introduced, leaving  a  short  air  space  between  the 
thread  and  the  main  coliomn  of  mercury.   After  clamping 
the  manometer  and  apparatus  in  a  perfectly  vertical 
position,  the  thread  of  mercury  is  made  to  descend  until 

(1)  Aiiier.  Chem.  Jour.,  S4 ,  1. 
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Its  lower  eiid.  is  just  opposite  the  line  of  reference  ^ 
v/hich  v/ill  be  designated,  as  Scratch  No.  1.,  or  2;ero- 
point,   Tlie  length  of  the  thread  is  then  determined 
by  means  of  the  cathetometer  and  standard  scale.   The 
thread  is  then  made  to  ascend  until  its  lOY/er  end 
occupies  the  place  previously  oooupied  by  the  upper  end, 
and  tiie  length  again  determined.   This  procedure  of 
placing  end  to  end  is  continued  throughout  the  whole 
length  to  be  calibrated.   To  verify  the  cnlibration  a 
second  or  third  series  of  readings  is  made  beginning 
v;ith  the  same  fixed  point  of  reference.   There  are  thus 
obtained  all  the  data  necessary  for  plotting  the  curve 
of  corrections. 

The  manometer  is  then  removed  from  the  calibrat- 
ing apparatus  and  the  capillary  depression  determined 
in  the  usual  v/ay. 

Filling  the  Manometer  v/ith  Pure  Air.- 

The  next  step  is  to  fill  the  manometer  v/ith 
pure  air.   To  do  this  the  lo;ver  end  of  the  manometer 
is  connected  with  a  reservoir  of  mercury  v;hich  can  be 
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raised,  or  lov/ered  as  desired.   Careflillj'-  purified  air 
is  then  repeatedly  draim  in  and  expelled  and  finally 
the  manometer  is  closed  in  the  following  way:   Before 
drav/ing  in  the  air  which  is  to  be  enclosed  finally, 
the  reservoir  is  raised  until  the  rubber  tubing  joining 
the  manometer  to  tlie  purifying  apparatus  is  partially 
filled  v;ith  mercury.   The  rubber  connection  is  then 
pushed  aside  7;ith  the  thumb  and  finger,  breaking  the 
mercury  colunn.   By  lov/ering  the  reservoir  the  desired 
quantity  of  air  is  dravzn  in,  and  then  after  releasing 
the  rubber  connection  a  thread  of  mercury  of  the  de- 
sired length  is  made  to  follov/.   The  thread  should  be 
of  such  length  that  it  shall  eventually  fill  all  space 
heated  in  the  operation  of  sealing  off  the  end  of  the 
manometer.   After  the  thread  has  been  drav/n  dovm  a  fev; 
inches  belov;  the  top  of  the  manometer,  the  manometer 
can  be  detached  from  the  air-purifying  apparatus,  the 
mercury  tliread  cutting  off  all  connection  betv;een  the 
enclosed  air  and  that  outside.   By  means  of  a  small 
hand  blow-pipe  a  short  piece  of  manometer  tubing  is 
then  sealed  on  to  the  end  of  the  manometer  and  the  end 
of  the  manometer  djravm  out  to  a  capillary  about  3  or 
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4  Inches  in  length.   By  raising  the  mercury  reservoir 
the  raerci-iry  thread  is  forced,  tip  until  it  reaches 
nearly  to  the  end  of  the  capillary.   The  end  of  the 
capillary  is  then  sealed  off. 

The  reservoir  Is   now  lov;ered  until  there  is 
considerable  diminished  pressure,  so  that  in  the 
subsequent  heating  the  mercury  shall  not  be  forced  out 
of  the  heated  portion.   The  end  of  the  manometer  and 
the  mercury  filling  it  are  then  heated  at  the  point 
where  it  is  desired  to  close  the  manometer.   The 
heating  with  the  blov/-plpe  v/ill  necessarily  volatilize 
some  of  tlie  upper  end  of  the  thread,  and  the  heat  and 
vapor  v/ill  force  the  thread  dovm  some  distance  from 
the  place  heated,  but  if  the  operator  Ir   very  careful 
in  his  manipulation  of  the  blow-pipe,  a  good  seal  may 
be  obtained,  and  upon  cooling  the  mercury  will  resTiine 
its  place  and  completely  fill  the  space  in  the  closed 
end  of  the  manometer.   The  closing  of  the  manometer 
requires  the  cooperation  of  two  persons ,  and  is  a  most 
difficult  operation,  but  usually  after  several 
failures  it  can  be  done  quite  successfully. 

By  thus  sealing  off  a  thread  of  mercury  in  the 
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upper  portion  of  the  laanonetei*  all  Tincertainty  as  to 
volime  of  air  Is  entirely  removed.   It  is  only 
necessary  to  determine  tlie  length  of  air  column  betv/een 
the  thread  at  the  top  and  the  mercury  column  below, 
making  the  usual  correction  for  double  meniscus.   As 
this  correction  is  quite  considerable  for  the  higher 
pressures,  it  is  of  course  alv;ays  talcen  into  account. 

Determining  the  Volume  of  the  Enclosed  Air.— 

After  filling  the  manometer  as  above  described 
it  remains  to  determine  the  volume  of  the  enclosed  air. 
This  is  done  by  substituting  for  the  reservoir  of 
mercury  a  piece  of  tubing  of  the  same  bore  as  the 
manometer  and  observing  tlie  volume  of  the  air  under  a 
number  of  different  pressures,  and  reducing  all 
observations  to  standard  conditions.   The  distances 
between  the  fixed  points  designated  as  Scratch  No.  1  and 
Scratch  No,  2  ■   are  then  carefully  determined  once  for 
all,  as  is  also  the  relation  of  the  top  of  the  manometer 
to  the  scratches.   Data  are  thus  obtained  which  render 
it  possible  if  desired  to  use  the  top  of  the  manometer 
also  as  a  point  of  reference. 
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Preparation  for  a  Measurement  of  Pressiire,- 

To  prepare  the  manometer  for  a  raeasixrement  of 
pressure  the  open  enrl  rjid.  enlargenent  is  painted  v.'ith 
dilute  rubber  solu.tion,  and  the  hole  in  the  rubber 
stopper  to  be  used  filled  v/ith  some  of  the  same  solution. 
The  stopper  is  then  slipped  over  the  enlargement  to  its 
place  on  the  manometer.   Waxed  shoemaker's  thread  is 
tightly  wrapped  and  tied  around  the  manometer  tube  just 
above  the  enlarged  portion  as  a  further  precaution 
against  the  slipping  of  the  nanometer  upv/rTd  through 
the  stopper.   This  preparation  should  be  made  at  least 
the  daj'-  before  the  manometer  is  to  be  used  in  order  that 
the  rubber  shall  have  time  to  djry  and  form  a  tight 
connection. 

Before  inserting  the  manometer  in  the  cell,  the 
mercury  in  the  descending  limb  of  the  manometer,  or  the 
solution,  if  the  manometer  has  been  previously  used 
for  a  measurement,  miist  be  replaced  by  the  solution 
whose  osmotic  pressure  is  to  be  determined.   This  is 
accoiiiplished  by  means  of  a  very  simple  form  of  apparatus 
in  the  shape  of  a  U-tube  filled  v;ith  the  fresh  solution, 
to  vfiiloh   suction  can  be  applied  after  the  tube  has  been 
attached  to  the  manometer. 
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This  oieoe  of  apparatus  sorves  also  to  reiiove  any  air 
that  may  get  into  th*^  bend  of  the  nanorieter. 

The  stopper  is  then  inserteci  in  the  cell  in 
the  v/ay  n'escribed  ^  hy  Morse  and  Frazer.   Care  is 
taken  to  avoid  as  far  as  possible  any  heating  of  the 
cell  and  its  contents  dxaring  the  operation  of  setting 
it  up.   To  c^-ve  rigidity  to  th-^  protruding  end   of  the 
stopfer  and  bind  it  closer  to  the  rianoneter,  -.-/axod 
shoemaker- f  s  thread  is  tightly  v/ound  and  tied  arovmd 
the  stoppec',  and  over  this  is  wrapped  sticRy  insulating 
tape.   The  nut  is  then  screw-^d  d.own  on  to  the  stopper 
and  the  cell  placed  in  the  bottle  of  water. 


Experimental  Data. 

The  manometer  used  in  this  work  will  be 
designated  as  No.  4,  >Io.  5,  and  No.  6.   They  were 


(1)   Amer.  Chem.  Jour.,  34,  1 
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oalibrated  accorrtinr:  to  the  method  aoove  described, 


Manometer  No.  4. 


Average  length  of  mercury  thread  used  in 

calibration, » 15.864  nm. 

Weight  of  mercury  thread, 0.0409  grara. 

Average  diameter  of  bore , 0,50  nm. 

Distance  from  scratch  No.  1  to  top  of 

nanometer , 477 .r35  no. 

Distance  from  scratch  Ho.  1  to 

S  cratch  No .  2, 294 .  40  mm. 

Number  of  calibration  units  of  air  ,\inder 

standard  conditions, in  nanometer , .461.34 

Capillary  depression, 0.02  atmosphere. 

Correction  for  double  menis'cus , 0.17  calibra- 
tion unit. 
Total  capacity  from  Scratch  No.  1  to 

top , 0 .  094  cc . 


Manometer  No.  5. 


Average  length  of  mercury  tliread  used 

in  calibration, 15.685  ram. 

Weight  of  mercury  thread, 0.0385  graiii. 

Average  diameter  of  bore, 0.48  ram. 

Distance  from  Scratch  No.  1  to  top 

of  manometer , 482 .  58  mc;. 

ristance  from  Scratch  No.  1  to 

S  cratch  No .  2  , 293 . 94  mm. 

Number  of  calibration  units  of  air, 
under  standard  conditions,  in 
manometer , 442  .18 

Capillary  depression, 0.02  atmosphere. 

Correction  for  double  meniscus, 0,16  calibration 

unit  . 

Total  capacity  from  scratch  No.  1  to 

top, O.CjSS  gg. 
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Manometer  No.  6. 


Average  length  of  mercury  thread  used 

in  calibration, 13.841  ram. 

Weight  of  mercury  thread , 0 ,062  gram. 

Average  diameter  of  bore , 0 .64  mm. 

External  diameter  of  manometer  tube,...   5.1  mm. 

DiGtance  from  scratch  Ko.  1  to  top, .503.91  mm. 

Distance  from  Scratch  No.  1  to 

S  cratch  No ,  2  , 298 .  06  iim. 

Number  of  calibration  units  of  air, 
under  standard  conditions,  in 
manometer , „ 402.13 

Correction  for  double  meniscus, 0.21  calibration 

unit. 

Capillary  depression, 0.02  atmosphere 

Total  capacity  from  Scratch  No.  1  to  top, 0.166  cc. 


Since  manometer  No.  6  has  been  used  in  tlie  greater 
number  of  measurements  recorded  in  this  paper,  the  data 
for  its  calibration  are  given. 

In  Table  I.,  column  I.  gives  the  actual  readings 
on  the  scale,  for  the  first  series  of  observations. 
Column  II «  gives  the  differences  betv/een  successive 
readings.   In  column  III,  are  the  actual  readings  on 
the  scale,  for  the  second  series  of  observations,  and 
in  coliimn  IV.  are  the  differences  betv/een  successive 
readings  of  the  second  series.   Colvimn  V.  contains  the 
average  of  the  differences  of  the  two  series  of  read- 
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Ings,  v;hile  in  colixirj-i  VI.  are  found  the  readlnp-n  on 
the  scale  that  vio\il6.   have  been  obtained  if  tlie  zero  of 
tl:e  scale  harl  coincided  with  that  of  the  manometer. 

It  v;ill  be  obse-'-ved  (coliiran  VI.)  that  the  dis- 
tance covered  by  37  lengths  of  the  mercnr^^  t]i.read  Y/as 
512.11  mm.   Dividing:  512.11  by  37,  v;e  obtain  tlie  aver- 
Eige  length  of  thread  -  13.841  rui.   The  mercury  thread 
was  therefore  considered  as  containinp:  15.841  calibra- 
tion units.   Column  VII.  gives  tlie  multiple  of  these 
values  correspo2:ding  to  the  readings  contained  in  col- 
umn VI.    In  column  VIII.  are  given  the  differences 
betv;een  the  corresponding  values  in  colvUiUis  VI.  and  VII. 
These  differences  are  the  correction  values  used  in  plot- 
ting the  correction  curve. 
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TABLE 

I.  -  Calibration  Data  for  Manometer  No.  6. 

:     I . 

II. 

III. 

IV. 

Ho. 

:  Readings 

Differ- 

Readings ui>- 

Differ- 

of 

:  upv/ard 

ences. 

ward  on 

ences  - 

Bead- 

•: on   scale 

scale 

ing. 

:  (  first 
:  series ) , 

(  second 
series). 

1 

867.54 

13.61 

867.54 

13.01 

2 

853.93 

13.58 

853.93 

15.58 

3 

840.35 

13.65 

840.55 

13.67 

4 

826.70 

13.69 

826. G8 

13.68 

5 

813.01 

13.62 

815.00 

13.65 

6 

''gg.sg 

13.64 

799.37 

13.61 

7 

785.75 

13.60 

785.76 

13.58 

8 

773.15 

13.56 

773. 18 

15.56 

9 

758.59 

13.61 

758.62 

13.66 

10 

744.98 

13.75 

744.96 

13.68 

11 

731.33 

13  .  75 

731.33 

13.75 

12 

717.48 

15.63 

717.55 

13  .  75 

13 

703.85 

15  .  74 

705. 8C 

13  .  73 

14 

690.11 

15.  G5 

690.08 

13.  G5 

15 

676.46 

15.70 

676.45 

15.72 

16 

663.74 

15 .  74 

663.71 

13.71 

17 

649,00 

15.71 

649.00 

13.75 

18 

535.39 

13.72 

635.35 

13.70 

19 

631.57 

13.75 

631.55 

13.76 

20 

607.82 

13.81 

607.79 

13.78 

21 

594.01 

13.86 

594.01 

13.85 

22 

580.15 

13.86 

58C.16 

13.81 

23 

566.39 

13.93 

566.55 

14.05 

24 

552.37 

13.87 

552.30 

13.88 

25 

538.50 

13.90 

558.43 

15.85 

36 

524.60 

13.33 

534.57 

14.01 

27 

510.73 

13.39 

510.56 

14.06 

28 

496.83 

14.06 

496.50 

14.10 

29 

482.77 

14.10 

482.40 

14.02 

30 

468.67 

14.06 

468.38 

14.03 

31 

454.61 

14.11 

454.55 

13.98 

32 

440.50 

14.16 

440.57 

14.07 

33 

426.34 

14.21 

436.50 

14.18 

34 

413.13 

14.31 

413.12 

14.12 

35 

397.93 

14.13 

598.00 

14.19 

36 

383.79 

14.16 

385.31 

14.31 

37 

369.63 

14.17 

369.60 

14.30 

38 

355.46 

355.40 

TA3LF,  I.  -  Continued. 


:    V .    : 

VI .    : 

VII* 

VIII . 

HO. 

:  Average   : 

Readings  on: 

Product  of 

Connec- 

of 

:of  differ-: 

scale  cal-  : 

number  of 

tion 

R'^ad- 

:ences  of  : 

ciliated    : 

settings  hy 

values- 

ing. 

: first  and  : 

fro2i  Kero—  : 

nean  length 

: second    : 

point .     : 

of  thread. 

: series.   : 

1 

13.610 

13.61 

13.841 

0.33 

2 

13.580 

3 '7. 19 

3-7.  683 

0.49 

3 

13.660 

40.85 

41.533 

0.67 

4 

13.685 

54.53 

55.364 

0.83 

5 

13.635 

68.16 

69.305 

1.05 

6 

13.635 

81. '73 

83.046 

1  ,07 

7 

13.590 

95.37 

96.887 

1.52 

8 

13.550 

108.93 

110. '738 

1.80 

9 

13.635 

132.57 

1.24.569 

2.00 

10 

13. '71 5 

136.28 

138.410 

3.13 

11 

13. -740 

150.02 

152.351 

3.33 

12 

13.690 

163. '71 

166.092 

3.38 

13 

13.730 

177.44 

179.933 

2.49 

14 

13.650 

191.09 

193.  "774 

2.68 

15 

13. '730 

204.81 

207.615 

2.81 

IG 

13. '735 

218.54 

221.456 

3.92 

17 

13.730 

.332.26 

235.397 

3.04 

18 

13. no 

.345.98 

a49.l38 

3.16 

19 

13.755 

259.73 

262.979 

3.25 

30 

13.795 

2 '73.  53 

276.820 

3.29 

31 

13.855 

287.38 

290.661 

3.28 

2.3 

13.335 

301.22 

304.502 

3.28 

33 

13.985 

315.20 

318.343 

3.14 

34 

13.875 

329.08 

332.184 

3.10 

35 

13.375 

342.95 

346.035 

3. 08 

36 

13.945 

356.90 

359.866 

2.97 

37 

13.975 

3-70.87 

373.'7C'7 

2.84 

38 

14.080 

384.95 

38'7.548 

2.60 

29 

.14.060 

399.01 

401.339 

3.38 

30 

14.045 

413.06 

416.230 

2.1-7 

31 

14.045 

427.10 

439.  0-71 

1.9*7 

33 

14.115 

441.22 

442.913 

1.C9 

33 

14.195 

455.41 

456. -753 

1.34 

34 

14.165 

469.58 

470.594 

1.01 

35 

14.160 

483.^74 

484.435 

0.-70 

66 

14.185 

497.92 

498.2'76 

0.36 

37 

14.185 

512.11 

512.117 

0.01 

38 
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TKE   REGULATION    OP    TEMPERATURE   CONDITIONS. 


The  ,r;reatest  clifflciiltj'-  presenting  itoelf  in  the 
exact  neaRurement  of  osmotic  presBure  has  'beon  tlie 
rnalntaininrc  of  co:i.stant   tenpe-i-atiire  conditions.        Plixct-a- 
ation  in  temperature  dnrinj^  an  experiment  in   a  soiirce 
of  great   error  and  raxint  be  eliminated  if  accurate 
neaourements  are  to  be  obtained.        Thin  soiirce  of  error 
has  been  designated  as  thermometer  effects  and  mani- 
fests itself  in  the  fol.loYr'ng  rray. 

If  the  temperat^xre  of  tlxe  room  in  v/hich  is 
placed   the   cell   containing;   a  solution  v;hose  pressure  is 
being  measured  falls,   the  solution  and  merciir^"  contract 
faster  than  the  v/ater  can  pass   tiiroi;gh  the  membrane  to 
maintain  the  pressure  v/hich  is  normal   to   th.e  solution, 
and  constjquently  the  mercuri'"  column  falls  to  a  point 
below  that  v/]\ich  is  normal  for  th.e  concentration  of  the 
solution.        If  t'ne  temperatui-e  of   tlxe  room  ceases   to 
fall  and  remainr;   stationary  long  enough,  v;ater  villi  con- 
tinue  to  enter  the  cell  and  ttxe  mercury  v;ill  rise  to   its 
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normal  position  anrl  will  remain  there  ap  lonp:  as  tem- 
perature conditions  are  ■'.nchangecl. 

On  tlie  ot^ier  hand.,  if  the  temperature  of  the 
room  rises,  the  solution  anri  mercury  will  expand  more 
rapidly  than  the  v;ater  is  expelled,  and  v;e  shall  have 
too  great  a  rise  in  the  mercury.   But  if  the  maximum 
temperatiu:'e  remains  constant  sufficiently'-  long,  event- 
ually normal  conditions  will  be  restored.   It  is  only 
when  the  changes  in  the  temperature  of  tlie  cell  contents 
are  very  slow  that  contraction  or  expansion  can  be  com- 
pensated b^'-  the  pannage  of  the  v/ater  tlirough  the  mem- 
brane, 

APPARATUS  EMPL  0 YED . 

The  means  by  v/hich  tliese  temperature  fluctu- 
ations have  been  reduced  to  insignificant  proportions 
are  qiiite  elaborate.   For  details  the  reader  is  referred 
to  a  communication^  '  v;hich  is  soon  to  appear  from  this 
laboratory. 

The  essential  features  consist  in  general  of  a 


( 1 )  Amer .  Chem.  Jour . ,  36,1, 
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large  bath  of  more  than  300  litres  of  v/ater,  and  over 
this  a  nearly  tif^ht  enclosure,  in  eaoh  of  v/hich  uniform 
temperatures  are  maintained  by  constant  circulation  of 
the  vmter  and  of  the  air,  and,  enclosing  the  whole  a 
Liuch  larger  structui-e,  in  v/hioh  by  means  of  aiitomatically 
regulated  electric  and  gas  stoves  uniform  temperature 
conditions  are  also  maintained. 

The  bath  consists  of  a  rectangular  copper-lined 
v/ooden  box,  1.24  meters  long,  0.457  meter  wide,  and 
0.66  meter  deep.   It  is  siirrounded  by  a  larger 
v/ooden  box,  the  intervening  space  on  all  sides  except 
the  top  being  tightly  packed  v/ith  hair. 

The  enclosure  above  the  bath  has  a  height  of 
0.503  meter  ,  a  length  about  three-fourths  that  of  the 
bath,  and  a  xvidth  slightly  greater  tjjan  that  of  the 
bath.   It  has  a  top  or  cover  which  is  hinged  at  the 
back  and  v/hich  can  easily  be  raised  or  lowered.   It 
contains  in  front  a  mirror  plate  glass  window  hinged 
at  the  bottom.   This  hoiise  contains  also  double  walls 
except  on  the  top  and  in  front.   As  in  the  case  of 
the  bath  the  spaces  between  are  .jacketed  vath  hair. 
The  spaces  in  the  fraiaework  of  the  top  are  filled  v^ith 
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hair  held,  in  place  by  a  covering  of  flannel  tacked  to 
the  franie.   The  v/hole  top  is  covered  v;ith  a  hair 
mattress.   The  glass  of  the  window  is  completely 
covered  with  a  thick  flaiinel-covered  pad  divided  in  a 
number  of  places  so  that  by  lowering  any  one  of  the 
curtains  thus  formed  o]iservations  can  be  made  without 
exposing  more  than  a  small  section  of  the  window. 
Light  is  throv/n  into  tlie  ho^^se  from  without.   The 
enclosure  is  made  as  nei\rly  airtight  as  possible,  by 
the  selection  of  suitable  limber  for  its  construction, 
by  the  frequent  use  of  an  elastic  varnish,  by  sticking 
insulating  tape  over  the  joints,  by  enameling  heavily 
the  whole  interior,  and  finally,  by  making  the  glass 
v/indov;  to  close  on  the  inside  against  rubber  weather 
strips. 

Tj\e  whole  bath  and  house  above  together  v;ith 
the  cathetometer  and  scale  used  in  raalclng  observations 
rests  upon  supports  entirely  independent  of  the  floor 
or  other  7;oodwork  of  the  laboratory'-. 

To  secure  uniformity  of  temperature  throughotit 
the  v/liole  body  of  the  water  in  the  batli  the  water  is 
kept  in  constant  circulation.   A  lead  pipe  of  30  ra::i. 
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Internal  dlanieter  lying  on  the  bottom  of  the  tank 
extends  from  one  end  of  the  tanlc  to  the  other,  where  it 
Joins  a  larger  vertical  brass  pipe  v;hich  extends 
iipv;ards  to  v/ithin  a  short  distance  from  the  surface  of 
the  v/ater.   By  means  of  a  small  fan  propellor  placed 
in  the  upper  end  of  the  brass  pipe,  the  water  is 
constantly  dravm  into  the  lead  pipe  at  tlie  bottom  of 
the  tank  at  one  end  and  delivered  at  the  surface  of  the 
water  at  the  other  end.   The  propellor  is  rotated  by 
means  of  friction  gearing  driven  by  a  small  motor.   By 
this  means  so  uniform  a  temperature  is  maintained  in 
the  v;ater  that  differences  cannot  be  detected  on  ther- 
mometers graduated  to  0,  1. 

To  keep  the  air  in  the  space  above  the  v/ater 
at  a  uniform  temperature  and  as  nearly  as  possible 
equal  to  that  of  the  7mter,  a  similar  device  is  used. 
Two  lead  pipes  of  the  same  size  as  that  through  v/hich 
the  v/ater  is  pumped,  one  on  eitiier  side  of  the  tarJc, 
extend  from  the  top  of  the  enclosed  space  dovmvrard 
through  the  v/ater  and  along  the  bottom  of  the  tank  to 
the  opposite  end,  v/here  they  meet  and  connect  with  a 
larger  vertical  brass  pipe,  which  in  turn  reaches  just 
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above  the  surface  of  the  water.   By  means  of  a 
rotating  fan  the  7;a3:'raer  air  in  the  upper  part  of  the 
house  is  constantly  drawn  through  the  pipes  and 
delivered  at  the  other  end  of  the  tank  above  the  surface 
of  the  v/ater.   The  machinery'"  by  v/hich  the  pump  and 
fan  are  propelled  is  located  entirely  outside  the  house 
so  that  the  heat  generated  does  not  sensibly  affect  the 
temperature  of  the  bath. 

Pig.  3  is  a  photograph  of  the  bath  together 
with  a  number  of  other  pieces  of  apparatus  used  in  the 
work.   Designated  by  d  is  the  top  of  the  bath  stripped 
of  its  upholstery;  _e  is  the  glass  vandow  without  its 
curtains;  f  is  the  cathetometer;  while  within  the  bath 
are  seen  parts  of  the  vertical  portions  of  the  air 
pipes  (_i  and  h),   Y/ithin  the  bath  are  also  seen  three 
iron  plates  resting  upon  the  edges  of  the  tank  and 
serving  to  iiold  in  place  the  galvanized  iron  cans  (_a 
Pig,  3,), in  one  of  which  the  cell  is  placed  v/hile  a 
measurement  is  in  progress.   The  cans  are  weighted 
down  by  means  of  heavy  cast  iron  cylinders  (_b  Pig.  3). 

In  Pig.  4  are  seen  the  can  _a,  the  cylinder  b, 
and  the  bottle  G  containing  the  cell,  with  which  is 


Fie.  4. 
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connected  the  manometer,  in  their  respective  positions 
during  a  measurement. 

During  the  progress  of  a  measurement  the  open 
end  of  the  can  containing  the  cell  is  covered  closely 
v/lth  a  flannel  pad  of  hair,  so  that  the  cell  located 
at  a  considerable  depth  below  the  surface  of  the  water 
shall  acquire  the  teniperature  of  the  water,  v;hile  the 
enclosed  air  of  the  manometer  taJ^es  on  the  temperature 
of  the  siurrounding  air. 

The  thermometers  used  are  graduated  to  0.  2, 
and  were  carefully  compared  with  a  thermometer  tested 
at  the  Reichsanstalt. 

On  account  of  the  fact  tliat  the  laboratory 
building  is  heated  only  during  working  hours,  the 
variations  of  temperature  outside  the  bath  were  very 
large  during  the  winter  months,  the  lov/est  temperatures 
being  readied  at  night.   Hence  it  v;as  found  necessary 
to  adopt  means  of  securing  more  uniform  temperatirre 
conditions  in  the  room  in  v;hich  the  bath  is  located, 
and  thus  avoid  the  effect  of  temperatin-e  variation  on 
the  water  and  in  the  bath.   The  bath  was  enclosed  by 
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a  framework  covered  on  both  sides  y:lth  thick  imaslin 
sized  v/ith  gelatin  to  render  it  less  pervious  to  air. 
The  enclOvSiu'e  wag  provided  with  doors  and  windows  of 
the  sJUiie  construction.   The  space  thiis  enclosed  has  a 
lenf^th  of  3.  3  meters,  a  width  of  2   meters,  and  a 
height  of  2.6  meters.   To  maintain  a  nearly  constant 
temperature  during  the  night,  use  is  made  of  an  electric 
stove  controlled  through  a  relay  by  means  of  an  electric 
thermostat.   To  aid  this  stove  there  is  provided  also 
a  gas  stove  regulate:!  by  means  of  an  electric  gas 
regulator  controlled  by  an  electric  thermostat.   In 
Pig.  3  is  shov/n  the  electric  stove  n;  _1  is  the  gas  stove, 
m  the  gas  regulator,  v/hile  2»  J.»  2»  ^^®  ^^^®  thermostats. 

The  means  above  described  have  proved  most 
efficient  in  eliminating  the  source  of  error  previously 
designated  as  "thermometer  effects." 


THE   DETERltllNATION   OF   INVERSION. 


Having  shown  hov/  tv;o  of  the  three  great   sources 
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of  error  have  been  elininated,  it  remains  to  Gonslder 
the  means  that  have  been  taken  to  deal  v/ith  the  third, 
the  inversion  of  the  cane-sugar  in  the  cell  during  a 
measvirement  of  pressure.   The  determinations  of 
inversion  last  year  by  means  of  Pehling's  solution 
gave  results  of  a  very  dubious  character,  and  there 
v/as  reason  to  believe  tliat  the  inversion  was  considera- 
bly greater  than  it  v/as  apparently  found  to  be  by  the 
method  emploj''ed. 

It  v;as  then  proposed  to  make  use  of  the 
polariscope  in  determining  the  inversion  that  takes 
place  in  the  cell,  and  it  was  very  desirable  to  make 
the  determination  by  simply  comparing  the  rotation  of 
a  reserved  portion  of  tlie  solution  v/hose  pressure  was 
measured  vrith  the  rotation  of  the  solution  removed  from 
the  cell  at  the  con^letion  of  the  experiment. 

The  procedTrpe  employed  to  bring  about  this  much 
desired  end  is  described  at  some  length  in  v;hat  follov;s. 
It  should  be  stated  at  the  outset  that  all  our  solutions 
whose  pressure  have  been  measiored  ai'e  made  by  dissolving 
a  gram-molecular  wieght  of  sugar,  or  proportional  part 
of  the  same,  in  1000  grams  of  v;ater,  all  v/eights  being 


corrected,  for  air  clifsplficenent .        Ther-se  solutions 
are  desig;natecl  if.   "v/eight-norinal , "   etc.       Further,   as 
the  basis  of  o\w  calculations,   tlie  atoraic  v/eight  of 
hydrogen  is   taken  as  unity. 

Th  e  S  ac  cli  ar  irac  t  er .  - 


The  instrioraent  used  in  this  v;ork  is  the  Schmidt 

(1) 
and  Haenscli         Half-sliade  saccliariraeter -v/ith  triple 

field,  and  double  quartz-wedge  compensation.   The 

instrument  is  so  mounted  as  to  insure  the  greatest 

stability  and  rigidity,  and  the  pinion  for  moving  the 

wedges  is  lengthened  so  that  the  observer  csn  move  it 

v/ith  his  hand  resting  on  the  table,  a  small  detail  that 

adds  much  to  the  comfort  of  manipulation.   In  this 

instrument  a  small  six-volt  incandescent  lamp  of  Haensch 

and  Schmidt  is  employed.   This  lamp  enclosed  in  the 

polarized  end  of  the  saccharimeter  affords  a  light  of 

greater  intensity  than  the  sodium  flame,  vrith  very 

little  heating  effect.   To  cut  off  objectionable  rays 


(1)  For  detailed  description,  see  Schmidt  and  Haensch: 

Beschreibung  und  Gebrauchs-araveisung  z-u  den  Polar- 
isations -  Appareten  (1896),  and  their  spezial  - 
PreiSliste  (1902). 
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and  obtain  a  imiforra  field  there  is  placed  betvreen  the 
sovirce  of  light  and  the  polarizer  an  absorption  cell  of 
potassitun  bichronate  solution.   The  end  point  is 
deteriiiined  by  equality  of  shade. 

The  scale  of  the  instr^mient  is  the  Ventzlce- 
Soleil.   One  hundred  degrees  on  this  scale  correspond 
to  34°. 55  (3)  ray),  and  39°.  10  (.1  ray),  on  the  circular 
scale.   Accorapanyino;  the  scale  is  a  vernier  ^.^ith  v;l:ich 
readings  can  be  raade  to  one-tenth  of  a  degree.   The 
"normal  solution"  for  this  instrument  is  one  containing 
26.048  grams  of  cane-sugar,  v/eighed  in  air  with  brass 
v;eights,  in  100  Mohr  cubic  centimeters  at  17  .5.   Such 

a  solution  polarized  in  a  two-decimeter  tube  produces 

o 
a  rotation  of  exactly  100  . 

Application  of  the  saccharimeter  to  the 

Determination  of  Inversion. - 

The  application  of  the  saccharimeter  to  the 
determination  of  the  inversion  tliat  taKes  place  in  a 
solution  during  a  measurement  of  osmotic  pressiu'e,  by 
simply  observing  the  difference  between  the  rotation 
of  a  reserved  portion  of  the  soliition  and  the  rotation 
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of  the  solution  after  the  experiment,  v/as  made  possible 
by  the  following  considerations. 

In  the  above  standai^d  solution,  26,048  graras 
of  sugar  are  v/eighed  in  air  v;ith  brass  weights.   This 
vroight  corrected  for  air  displacement  =.  26.064  grans. 
Since  100  Mohr  cubic  centimeters  =  100.23  true  cubic 
centimeters,  the  standard  solution  contains  26,004 

grams  of  sugar  in  100  true  cubic  centimeters.  Further, 

o 
100  true  centimeters  =  100.28  cc.  at  20  .    Therefore, 

a  solution  of  26.077  grams  of  sugar  in  100  cc.  of 

solution  at  20  ,  made  up  in  a  flask  calibrated  for  20  , 

would  produce  a  rotation  of  100°  when  polarized  in  a 

o 

tv/o-decimeter  tube,  or  1  rotation  v/ould  correspond  to 

0.26077  grajTi  in  100  cc.   This  solution  contains  23,68 
per  cent,  of  sugar.   A  0,9  weight-normal  solution  is 
a  25.41  per  cent,  solution.   Since  the  specific 
rotatory  power  of  cane  sugar  does  not  change  appreciably 
with  even  greater  differences  in  concentration,  the 
same  value,  66.52,  is  taken  for  the  "standf2-*d  solution" 
and  the  0.9  normal  solution.   This  value  vms  calculated 


f r  om  Tol  lens  •  f  ori'iiil a,  ■*-  ^ 

[  tKJ       -  GG.38G-f  0.015035  p  -  0.0003986p, 
v/here  p  =  percent ag^  of  sugar. 

Hence,  in  a  0.9  weight-normal  solution  of  cane-sTigar, 
each  degroo  of  rotation  corresponds  to  0,?,607'r   gram 
in  100  CO.,  when  polarised  at  20  in  a  two-decimeter 
tube. 

The  specific  rotatory  power  of  invert-sugar 
was  derived  from  Gubbe's  formula,  ' ^ 

[  o< J  "  =  -19.657  -  0.0361  c,  where  c  =  nu:nber 
of  grams  invert-sugar  in  100  cc.   C  was  taken  equal 
to  0.1  and  1.0,  these  values  being  the  extremes  of  the 
concentrations  of  invert-sugar  with  which  we  ha^'-e  had 
to  deal.    The  value  of   for  these  two  extremes  is 
■19.  G7. 


(1)       Ber.  d.  chera.  aes.  10,  1403  (18'^7);  Landolt, 
Optische  Drehungsvermogen. 

{2)  Ber.  d.  chem.  fTes.  18,  2207;   Z.  V.  Rbz.  -  Ind. 

1884,  1345,  Landolt,  Optische  Drehungsvermogen. 
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The  ratio  of  the  specific  rotatory  pow^r  of 
invert-svigar  to  that  ahove  for  cane-sugar  is  O.S35'7,  or 
1  o^rarn  of  invert-sugar  produces  the  same  rotation,  in 
opiosite  direction,  that  0.295'7   grani  of  cane-sugar 
produces.   If  C,2607^^   gran  of  cane-sugar  is  Inverted 
there  will  be  for^Tied  C,fi'7450  gran  of  invert-sugar. 
Multiplying  C.SV45C  by  0.295'^   ive  obtain  0.0811G9,  the 
quantity  of  cane-sv-gar  'vhich  is  equivalent  in  rotating 
power  to  C.?^'745c  gram  of  invert-sugar.   This  quantity 
of  cane-sugar  would  produce  a  rota+lon  of  0?311,  or 
0,?3'7450  gram  of  invert-sugar  causes  a  laevo  rotation 

of  0°.ull. 

Consequently,  if  o.,'?60'77  oT-am  of  cane-sugar 
is  inverted  in  100  cc.  of  a  0.9  weight-normal  solution, 
there  will  be  a  loss  of  1°  in  rotation  due  to  the  loss 
of  O.sec^v  gram  of  cane-sugar.   The  0.27450  gram  of 
invert-sugar  formed  will  prod\ice  a  further  loss  of 


presence  of  0.?i''''450  gram  of  invert-sugar,  or  1  loss 
sO. 20933  gram  invert-sugar  in  100  cc.  of  solution. 

By  art'olying  the  sarnie  line  of  reasoning  to  other 
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conceiitrations,  results  are  obtained,  which  are  given 
in  Table  ii. 

From  this  Table  it  will  be  seen  that  the  effect 
of  differences  in  concentration  suc}i.  as  we  have  in  the 
solutions  in  question  is  very  small  indeed.   The 
average  of  the  values  in  Column  VIII.  is  0.26084.       For 
a  0.1  weight-normal  solution  the  value  is  0.26112,  a 
difference  from  the  average  of  0.00028.    This  is  the 
greatest  variation  from  the  average,  corresponding  to 
a  rotation  of  0^.001.   This  rotation  is  far  less  than 
can  be  detected  on   oiir  sacchariineter.   The  variation 
from  the  average  value  of  Xll,   is  of  a  still  less  order. 
Hence  we  feel  justified  in  neglecting  the  slight  effect 
of  differences  in  concentration.   Fo3'  oirr  piirposes  the 
averages  of  the  values  in  Table  II.  are  sufficiently 
accurate. 

The  values  In  Table  II.  hold  only  for  the 

o 
temperature  of  20   .        It  now  remains  to  consider  the 

effect  of  changes  of  temperature.   The  procediire  is 

essentially  the  same  as  above.   The  specific  rotatory 

power  of  cane-sugar  at  different  temperatvires  is 
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calculated  from  the  formula, 


(1) 


(   k    )^     ^  (  SK'  )5]°  -  0.0144  (t  -  20). 
Values  for  the  speoiflc  rotatory  power  of  invert-sugar 
are  obtained  from  the  formula  of  Gubbe,   ' 

(    tK   )l   =^      (  Oc  )^°  -/-  0.3041  (t  -  20)  -/-  0.00165 
( t-20  f 

Table  III,  contains  tlie  results  for  six  differ- 
ent temperatures  including  2o". 

Colujim  VIII.  of  Table  III.  contains  the 
quantities  of  invert-sugar  in  100  cc.  v/hich  correspond 
to  a  loss  of  1°  in  rotation.   In  order,  therefore,  to 
determine  the  quantity  of  invert-sugar  in  every  1000 
grams  of  water  in  any  given  solution  of  cane-sugar, 
which  causes  a  loss  of  1°  in  rotation,  the  value  in 
Column  VIII.  must  be  multiplied  by  one-tenth  the  volume 
of  the  given  solution. 

In  Table  IV.  will  be  found  the  specific  gravi- 
ties and  volumes  of  ten  weight-normal  solutions.   The 


(1)     Landolt,  Optische  Drehungsverraogen,  p.  531. 
(2")      Ibid.,  p.  526. 
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TABLE  II. 

I.   : 

II. 

III. 

IV.  : 

V. 

:    VI. 

Weight   : 

Graras 

Per- 

(K)fj^ : 

Grams 

*     20 

normal!- • 

cane- 

centage 

for''   . 

invert- 

•  (^)f 

ty.     : 

svigar 

concen- 

cane- : 

sugar 

:  for  in- 

in  1000 

tration 

sugt^^,  : 

in  100 

:  vert- 

grams 

CO.  of 

:  sugar. 

of 

solu- 

v/ater. 

tion. 

0.10 

33.96 

3.284 

66.431 

OolO-l.OO  -19.67 

0.20 

67.92 

6.360 

66.466 

ti 

» 

0.30 

101.88 

9.246 

66.491 

" 

" 

0.40 

135.84 

11.959 

66.508 

" 

tf 

0.50 

169.80 

14.515 

66.520 

II 

'• 

0.60 

203.76 

16.927 

66.526 

" 

11 

0.70 

237.72 

19.206 

65,528 

" 

" 

0.80 

271.68 

21.364 

66.525 

If 

n 

0.90 

505.64 

23.409 

66.520 

n 

» 

1.00 

339.60 

25.351 

66.510 

n 

tt 

VII. 

VII I  o 

IX. 

:    X. 

XI. 

:   XII. 

Ratio   - 

Grams 

:  Grams  in- 

:  Laevo 

•  Total 

: Grams  in- 

of  VI. 

oane- 

:vert  su^ 

:  rota- 

loss 

:vert 

to  IV. 

sugar 

:'ar 

:  tion 

.  in  ro- 

rp.ugar  in 

in  100 

:  formed 

:  of  IX. 

:  tation 

:100  cc.  = 

OG.  pro- 

:  from 

:l^  loss 

.  dixcing 

:viii. 

:in  rota- 

1"  ro- 

:tion. 



r  tati«H. 

0.2961 

0.26112 

0.27487 

0.3117 

1.3117 

0.20955 

0.2959 

.26098 

.27472 

.3115 

1.3115 

.20947 

0.2958 

.26088 

.27461 

.3114 

1.3114 

.20940 

0.2958 

.26081 

,27454 

.3113 

1.3113 

.20937 

0.2957 

.26077 

.27450 

.3113 

1.3113 

.20933 

0.2957 

.26075 

.27447 

.3113 

1.3113 

.20931 

0.2957 

.26073 

.27445 

.3113 

1.3113 

.20930 

0.2957 

.26075 

.27447 

.3113 

1.3113 

.20931 

0.2957 

.26077 

.27450 

.5113 

1.3113 

.20933 

0.2957 

.26080 

.27453 

.3113 

1.3113 

.20936 
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TABLE  III. 

;       I. 

II.    - 

III. 

IV. 

Tem-   : 
per a-  : 
tiire.  • 

(pc)Jfor 
cane-sugar. 

mI   for  l 
invert-   : 
sugar.   : 

Ratio  of 
II.  to 

I. 

Graros  cane- 
sugar  in 
100  CO.  = 
i°rotation. 

18° 

66.53 

-  20.27 

0.3047 

0.26072 

190 

66.51 

-  19.97 

0.3003 

0.26080 

200 

66.50 

-  19.67 

0.2958 

0.26084 

21° 

66.49 

-  19.36 

0,2912 

0.26088 

22° 

66.47 

-  19.06 

0.2867 

0.26096 

23° 

66.46 

-  18.74 

0.2820 

0.26100 

Teraper- 

V. 

VI. 

VII. 

VIII. 

ature. 

Grams  inve^ 
sugar  forme 
from  IV. 

't-  Laevo  ro-  Total  loss   Grams 
5d   tation  of  in  rota-     invert- 
V.      tion.       sugar  in 
100  CO.  = 
1°  loss  in 
rotation. 

18° 

0.27445 

0°.3207 

1°.3207 

0.20780 

19° 

0.27453 

0°.3160 

1°.3160 

0.20861 

20° 

0.27457 

0^.3114 

1^3114 

0.20937 

21° 

0.27462 

0^.3065 

1°.3065 

0.21019 

22° 

0.27470 

0^.3018 

1°.3018 

0.21102 

25° 

0.27474 

0°    2968 

1°.2968 

0.21186 
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TABLE   IV. 
felght-NoT-mal  Solutions  of  Cane-sugar, 


V/elght-norinal 
concentration. 


Grams  of  Sugar 
in  1000  grams 
of  v/ater. 


Specific 
gravity 
at  20°. 


Volume 
at  20O, 


0.10 
0.?50 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 


33.96 

1.01283 

1020.86 

67.92 

1.02515 

1041.72 

101.88 

1.03687 

1062.70 

135.84 

1.04814 

1083:67 

169.80 

1.05900 

1104.62 

203.76 

1.06942 

1125.62 

237.72 

1.07947 

1146.60 

271.68 

1.08906 

1167.68 

305.64 

1.09833 

1188.75 

339.60 

1.10728 

1209.81 
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speolfic  gravities  were  Interpolated  from  the  specific 
gravities  given  by  Morse  and  Frazer."^ 

Table  V.  gives  the  quantity  of  invert-sugar  in 
1000  grains  of  v/ater,  which  causes  the  loss  of  1  in 
rotation  at  different  temperatures.    The  transition 
here  made  from  a  volume  to  a  weight  basis  is  necessary 
because  the  solutions  whose  osmotic  pressure  are 
measured  are  made  by  dissolving  the  given  v/eight  of 
sugar  in  1000  grams  of  v/ater. 

It  v;ill  be  observed  that  in  the  values  given 
in  Table  V,  no  account  is  taken  of  the  changes  in 
volume  that  occur  at  any  other  temperature  than  S0°. 
By  calculation  we  have  found  that  for  the  given  teiirper- 
atiipes  such  omission  does  not  affect  the  second  decimal 
place.   For  this  reason,  and  for  the  further  reason 
that  we  do  not  have  at  hand  satisfactory  data  for  making 
these  slight  corrections,  we  have  used  the  volume  at 
20°  as  the  volume  at  all  temper atirres  between  18°  and 
S3°,  and  tabulated  the  results  to  only  tv/o  decimal 
places. 


(1)     Amer.  Chem.  Jour,  34,  1, 
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TABLE  V.  -  Invert-Sugar  in  arams  per  1,000  Graras  of 


Weight-  Temperature. 

Concen~Ti8°~"T"""l9°"""T"^~"T~;i^"T";;~"T";3° 
tration.  •-     :        :       :       :       : 


0.10  :  2.12:  2.13   :  2.14  :  2.15  :  2.15  :  2.1G 

0.20  2.16  2.17  2.18  2.-19  2.20  2.21 

0.30  2.21  2.22  2.23  2.23  2.24  2.25 

0.40  2.25  2.26  2.27  2.28  2.29  2.30 

0.50  2.31  2.32  2.32  2.33  2.34  2.35 

0.60  2.34  2.35  2.36  2.37  2.38  2.38 

0.70  2.38  2.39  2.40  2.41  2.42  2.43 

0.80  2.43  2.44  2.44  2.45  2.46  2.47 

0.90  2.47  2.48  2.49  2.50  2.5l  2.52 

1.00  2.51  2.52  2.53  2.54  2.55  2.56 
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By  the  use  of  Table  V.  the  correction  for 
inversion  in  a  pressure  cell  can  be  easily  rn&de.   The 
rotation  of  tlie  orip-inal  solution  and.  that  of  the 
solution  removed  from  the  cell  after  an  experiment  are 
determined  in  a  t;vo-deGimeter  tube.   The  loss  in 
rotation  in  degrees  multiplied  by  the  value  p^iven  in 
the  table  for  the  given  concentration  at  the  tempera- 
ture of  polarisation  gives  tlie  concentration  of  invert- 
sugar  in  graios  per  1000  grai.is  of  vmter.   The  osmotic 
pres>mre  that  v/ould  be  prodiiced  by  one-half  this 
quantity  of  invert-sugar  is  the  correction  that  must  be 
deducted  from  the  observed  osmotic  pressure. 

The  accuracy  of  the  above  deductions  v/as  tested 
by  a  number  of  experiments.   The  method  employed  can 
best  be  shoY/n  by  taking  a  particular  experiment.   All 
weights  given  are  weights  in  a  vacuum,  and,  unless; 
othenvise  stated,  it  is  to  be  understood  that  polarisa- 
tions v/ere  made  in  two-decimeter  tubes, 

A  0.10  v/eight-norraal  solution  of  cane-sugar 
containing  33,96  grfy.is  of  sugar  in  1000  grams  of  vmter 
gave  a  rotation,  at  19^,  of  12°. 73.   The  volume  of 
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y/as  then  made  containinf^  3.396  grams  of  sugar  less  per 
1000  grc-jQis  of  water  than  the  first  solution.   The 
rotation  at  19°  was  11*^.48.   By  Interpolation  from 
volumes  of  Table  IV.  the  volume  of  this  solution  v/as 
found  to  be  1018.76  cg„  at  20°.   The  rotation  of  the 
latter  solution  was,  therefore,  greater  than  it  would 
have  been  had  there  been  no  change  in  volurae  due  to  the 
difference  of  3.396  grarfls  of  sugar.   From  tlie  propor- 
tion, 1018.76:  1020.86::  X  :  11.48, 

X  =  11.46,  the  rotation  of  30.564  grams  of  cane- 
sugar  in  1020.86  CG.  of  solution. 

12.73  -  11.46  =  1.27,  v/hich  is  the  loss  in  rotation  in 
a  0.10  weight-normal  solution  due  to  loss  of  5.396  grams 
of  sugar. 

3.396  grains  of  sugar  were  then  inverted  by 
Glerget's  method,  the  solution  made  up  to  1000  cc, 
and  polarised  at  20  in  a  4  -  decimeter  tube.   The 
laevo  rotation  v/as  0  .8,   This  valu.e  divided  by  2  gives 
the  rotation  of  3.5748  grams  of  invert-sugar  in  1000 
CGo  of  solution,  at  20  ,  in  a  2-decimeter  tube.   From 
the  proportion, 

1020.86  :  1000  : :  0.4  :  X, 


X  -  0.39,    tho  rotation  of  3. 5748  graiis   of  invert-s -gar 
in  1020. 8G  CO.   of  solution,        Divi'iing  3.5'748  Tby  the 
stun  of  1.2^  and  0,39,   ••ve   o>)tain  2.15,    the  v/oight   of 

invert— s'lJLgar  that  laust  be  present   in  a  0.10  v/eight— 

o 

nornal  solution  of  ca'ne-sugar  to  cause  a  loss  of  1 

in  rotation.   This  value  agrees  v.^:^y  closely  v;it}i  the 
value  given  in  Table  V. 

In  the  remaining  experiments  the  procedirre  v/as 
the  s-^-rM  as  above,  excertt  that  the  inversion  of  5.39G 
grams  of  cane-sugar  y/as  not  repeated.   The  results  of 
all  experiments  are  given  in  Table  VI. 
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TABLE  VI, 


Column  I,  -  Weight-normality  of  the  solution. 

Oolmtin  II.  -  Temperature  of  Rotation. 

Colxunn  III.-  Rotation  of  I. 

Column  IV.  -  Rotation  of  the  solution  containing 
3.596  grams  less  sugar  per  1000 
grams  water,  corrected  for  differ- 
ence in  volume, 

Laevo  rotation  of  3.5748  grams 
invert-sugar  in  Solution  I, 


Column  V. 
Column  VI, 


Grams  of  invert-sugar  corresponding 
to  loss  of  1  rotstion. 


I.   : 

II. 

\     III.  : 

IV.   : 

V.   : 

VI. 

0.10 

19° 

13°. 73 

11°. 46 

0°.39 

2.15 

0.30 

S0° 

36°. 30 

35°. 03 

0°.38 

2.17 

0.50 

>30O 

58°. 90 

57°. 61 

0°.36 

2.17 

0.70 

19° 

^8°. 89 

77°. ''0 

0°.35 

2.32 

0.90 

20° 

98°. 50 

97°. 31 

0°.34 

2.34 

1.00 

20° 

107°. 40 

106°. 37 

0°.33 

2.63 

The  data  above  presented  afford  an  acciorate  and  direct 
method  for  determining  inversion  in  all  cases  7/here 
loss  in  rotation  can  be  attributed  solely  to  inversion. 
There  has  been  observed,  in  general,  in  our  solutions, 
a  rrreater  and  rrreater  loss  in  rotation  as  the  concen- 
tration of  the  solution  increased,  and  tests  by 
Fehling's  method  revealed  the  fact  that  the  inversion 
in  the  cell  v/as  greater  in  the  case  of  the  more  con- 
centrated solutions.   The  agreement  here  leaves  little 
room  for  doubt  that  the  magnitude  of  the  loss  in 
rotation  is  a  true  indication  of  the  extent  of  t]\e 
inversion  that  has  taken  place.   There  is  no  evidence 
going  to  show  tliat  the  rotatory  pov/er  of  cane-sugcir  is 
affected  by  the  pressure  to  which  it  has  been  subjected. 
Such,  however,  could  be  considered  a  possibility. 

But  there  is  one  cause  other  than  inversion 
that  can  with  certainty  be  stated  as  having  an  influence 
on  the  magnitude  of  the  loss  in  rotation,  nai.iely, 
dilution  of  the  solution  during  the  experiment ,  and  in 
the  application  of  the  above  method,  this  fact  has  not 
been  overlooked.   To  v/hat  extent  it  has  been  possible 
to  take  it  into  account,  and  in  what  v;ay  the  attempt 
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has  been  made  to  distribute  the  Iocs  in  rotation  between 
inversion  and  dilution  v/ill  be  explained  in  connection 
v.'ith  a  discussion  of  dilution. 


THEORETICAL  CONSIDERATIONS, 


The  view  generally  held  regarding  the  relation 
betv/een  the  osmotic  pressure  of  solutions  and  the 
elastic  pres-<ure  of  gases  seems  to  be  that  expressed 
by  Ostv/ald:   "Dissolved  substances  exert  the  same 
pressure,  in  the  form  of  osmotic  pressure,  as  they 
would  exert  were  they  gasified,  at  the  same  temperature, 
v/ithout  chcinge  of  volume,"   Taking  this  viev;,  the 
osmotic  pressures  of  concentrated  soliitions  present 
abnormalities,  and  the  rule  above  set  forth  can  apply 
only  to  dilute  solutions. 

On  the  other  hand,  Morse  and  Frazer  found  that 
when  they  dissolved  a  gram-molecular  v/elght  of  cane- 
sugar  in  1000  grams  of  water,  i.  e.,  in  that  mass  of 
the  solvent  v/hich  has  the  unit  voliune  at  its  teraperatiire 
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of  raaximura  density,  the  osmotic  presp^iTre  of  that 
solution  at  20°  was  in  close  accord  with  the  presRiire 
of  a  gram-molecular  weip;ht  of  h3'"drogen  confined,  at 
the  same  temperature,  in  the  space  of  1  litre  ( voliuue 
of  unit  mass  of  solvent  at  temperature  of  greatest 
densitjO.   To  repeat,  "Cane-sugar,  dissolved  in  water, 
exerts  an  osmotic  pressure  equal  to  tliat  which  it  wo\ild 
exert  if  it  were  gasified  at  the  same  temperature  and 
the  volume  of  the  gas  v;ere  redu.ced  to  that  of  the 
f^olvent  in  the  pure  state." 

Accepting  the  latter  view  as  the  correct  one, 
all  the  solutions  v/hose  osmotic  pressuTes  are  recorded 
in  this  paper  v/ere  prepared  by  dissolving  a  gr^jn-mol- 
ectilar  weight  of  cane-sugar,  or  a  decimal  prcrt  of  the 
game,  in  1000  grams  of  v/ater,  all  v/eights  being  correct- 
ed for  air  displacement.   Taking  the  atomic  weight  of 
hydrogen  as  1.00,  the  molecular  weight  of  cane-sixgar 
becomes  33a6.   The  various  solutions  are  designated 
as  v/eight-normal ,  etc.,  to  distinguish  them  from 
solutions  made  up  on  the  volume  i^asis. 

The  sugar  used  v/as  the  purest  obtainable  "rock 
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candy,"  whose  purity  v;as  cfirefiUly  tested,  by  the 
optical  method.   To  every  rsoltition  of  sup^ar  v/aB  added 
0.0839  gram  of  potassiiin  ferrocyanide  per  100  grams  of 
water,  v/hile  to  the  vmter  outside  of  the  cell  was  added 
0.1239  gram  of  copper  sulphate  per  100  grams  of  water, 
these  quantities  being  considered  as  isotonic  equiva- 
lents.  The  object  of  so  doing  v;as  to  provide  for  the 
mending  of  any  rviptures  occurring  in  the  membrane  during 
the  progress  of  an  experiment,  and  also  to  diminish 
the  slight  tendency  of  the  membrane  to  dissolve  in  the 
solution. 

The  value  given  by  Morley  for  the  weig]it  of  a 
litre  of  hydrogen,  under  standard  conditions  of  terar- 
perature  and  pressvire,at  latitude  45°,  is  0.089873  grajn, 
which  corrected  to  the  latitude  of  Baltimore  becomes 
0.089826  gram.   Dividing  3,  the  molecular  weight  of 
hydrogen,  by  this  value,  0.089826,  we  obtain  22.265, 
the  pressure  of  a  gram-molecular  weight  of  hydrogen 
v;hen  its  volume  in  reduced  to  1  litre  at  0  . 

If, now,  a  gram-molecular  v/eight  of  a  substance, 
dissolved  in  1000  grams  of  water,  exerts  the  same 
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presRiire,  as  osmotic  pressirre,  that  a  graia-molecular 

weight  of  a  gas  exerts, as  elastic  pressure,  v/hen  reduced 

to  a  volionie  of  a  litre,  and  if  osmotic  pressure  obeys 

the  lav/  of  Gay-Lussae,  then  the  osmotic  pressure  of  a 

v/eight-normal  solution,  at  0°,  is  2??.265  atmospheres. 

For  temperature  t,  the  value  becomes  22,265  (H- 0,003G7  t), 

or  22.265  -f  0.0817  t  atmospheres. 

If  P  represents  the  osmotic  press'iire  of  any 

solution  at  the  temperature  t,  then  P 

22.265  -h    0.0817  t 
is  the  weight-normal  concentration  of  the  solution. 

Therefore,  P :  1  ::  w  :  11,  or 

22.265  -i-   0.0817  t 

U  -   W  (22.265  +-  0.0817t),  where  ?;  is  the  known  weight 

P 
of  the  substance  v/hich  exerts  the  osmotic  pressure  P, 

and  M  is  the  molecular  weight  of  the  substance. 

The  molecular  weights  recorded  in  the  last 

colurm  of  tlie  follov/ing  tables  (VII.  -  XVIII,)  have 

been  calculated  by  means  of  this  formiila. 


DISCUSSION  OF  CORRECTIONS  ;- 


"Membrane  formers."-   As  above  stated,  0.0839 

gram  of  K4  F  e  (en)  •  3H  0  per  100  grams  of  water  is 
6    '^ 
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added  to  the  solution  v/hose  osmotic  pressure  is  to  be 
measured,  and  0,1239  gram  of  Cu  So,-^  5Bp    0  per  100 
grams  of  v;ater  is  added  to  the  water  outside.   These 
solutions  are  osraotically  equivalent  provided  the  tv/o 
salts  are  completely  dissociated,  an-^l  the  potassium 
ferrocyanide  dissociates  into  five  ions.   However, 
according  to  conductivity  measurements  of  Jones  and 
Basset t ,  *^-'- ^  potassium  ferrocyanide  dissociates  into 
eight  ions  instead  of  five,  and,  further,  several 
experiments  made  by  other  workers  in  this  laboratory 
have  shown  that  the  osmotic  pressure  of  the  ferrocyanide 
in  the  cell  is  in  excess  of  that  of  the  sulphate  out- 
side.  The  magnitude  of  this  over  pressuj'e  has  not 
yet  been  determined  with  certainty,  but  work  is  being 
continued  along  this  line.   VHiile  it  has  not  been 
possible  to  enter  a  correction  in  our  results  for  any 
excess  pressure  of  the  potassium  ferrocj^'anide,  it  is 
probable  that  there  should  be  such  a  correction  of  from 
0.05  to  0.10  atmosphere. 

Laws  of  Boyle  and  Gay-Lussae.  -  The  question  of  the 
deviation  from  Boyle's  lay/  in  the  case  of  air  under  25 

(1)     Amer.  Chera.  Jour.  ."54,  4. 
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atrnospheres  lias  been  carefully  considered.   On 
account  of  the  unsatisfactory  and  insufficient  exper- 
imental data  to  be  obtained  in  this  connection,  and 
furtlier,  on  account  of  the  fact  tliat  such  deviation 
must  be  small,  and  is  part,  at  least,  compensated  by 
a  deviation  in  the  lav;  of  Gay-Lussae,  we  have  not 
felt  justified  in  attempting  to  make  a  correction  for 
this  cause. 

AdJiering  of  enclosed,  air  to  walls  of  manometer.  -  As 
the  mercurj''  rises  in  the  manometer  there  r.iust  be  some 
air  caught  betv/een  the  mercury  and  the  v;alls  of  the 
manometer,  but  we  have  no  means  of  determining  the 
extent  of  the  error  due  to  tliis  cause. 
Expansion  of  glass.  -  The  possible  expansion  of  the 
manometer  tubing  under  pres^ture  has  been,  talren  into 
consideration.   Any  sucli  expansion  would  be  expected 
to  manifest  itself  by  a  change  in  the  length  of  the 
ascending  arm  of  the  manometer.  Under  a  pressure  of  25 
atmospheres  the  distance  from  the  top  of  the  manometer 
to  the  lov/er  scratch  was  found  to  be  identical  v;ith 
the  distance  between  the  same  points  v;hen  there  was 
no  pres'^ure  be^ng  exerted. 
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Ferraentation.-     The  fermentation  of  any  of  the  pro'luctn 
of  inversion  in  the  cell  would  affect   the  accuracy  of 
the   observations,   but  no   evidence  v/hatever  has  been 
obtained   indicating   any  fernentation, 

Lealcage.-       Careful  exaroination  of  the  ou.tside  nolution 
after  the  experiment  has  shovm  no  lerj-age  of  eug:8j* 
thirough  the  laenbrane. 

rilution.-        Ar   .otated   in  thr^   consideration  of  the 
relation  betveen  loso  in  rotation  and  the  inversion 
tliat  has   taKen  place   in  the  cell,    any  dilution  of  the 
cell  contents  must  be  taken  into  accou.nt.        Only  v;hen 
th.ere   is  no  dilution  v/];atever   in   the  losn   in  rotation 
of  the  solution  an  exact  measure  of   the  qiiantity  of 
invert-sup;ar  present. 

The   slif^lit  dilution  due   to    tlie  rise  of  the 
mercmT   in  t]i.e  inanometer  under  pressure  v/ould  not 
aff:^ot   appreciably'   the  rotation  of  tlie  solution,    ov;ing 
to   the  fact   that   the   total  capacity  of  the  largest 
manoraeter  used  is  only  0.16  cc,    and  so  much  medumical 
pressiu'e  is  constantly  brought   to  bear  upon  the  cell 
contents   and  the  mercury  that   the  actu.al  distance 
tlirough  yrhich   the  mercury  rises   in  consequence  of  the 
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inflov;  of  viater  ir  realli'-  very  snail.   In  the  cane  of 
the  nomiial  fjolutl^ns  v/liere  th.e  effect  of  f-.ucji  dilution 
would  be  rreatent ,  tlie  distance  tliroiij^h  which  tjie  raer- 
cury  rof?e  after  nuf  fie  lent  necluu-iical  prorssuro  had 
been  broiigiit  to  bear  to  hold  t]\e   stopper  in  place  was 
less  than  one-tJiirtieth  the  length,  of  the  original 
air  colujiui. 

Ov:inp;  to  ihe   fact  that  t]^e  cell  walls  alvrays 
contain  a  little  v/at^^r,  some  dilution  shonld  nati:raliy 
be  exi)ooted  from  this  cau.se.   To  remove  a'l  far  an 
possible  all  water  in  t'le  interior  of  the  cell  before 
setting  the  cell  up  for  a  measurement  of  presnure,  the 
cell  is  always  carefully  rinsed  out  several  tiiaes  v/it]! 
t]ie  solution  wliose  pressure  is  to  be  determined.   But 
during  the  time  requ.irod  for  setting  u.p  the  cell  th.ere 
is  necessarily  a  little  dilution  due  to  the  attraction 
of  the  water  in  the  walls  of  tlie  cell  to  the  sugar  of 
tlie  solution.   Tlie  extent  of  Vals   dilution,  and  of  any 
further  dilution  that  may  be  due  to  a  slight  compression 
of  the  rubber  stopper  under  pr'.'ssure,  or  an  expansion 
of  the  cell,  can  not  be  determined. 

The  most  seriou.s  source  of  dilution  is  that 
due  to  the  slipping  of  the  rubijor  stopper  or  of  th.e 
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r.uiiiohmter  ii.pvrarrl  UwoMP-h  the  ^towiev,        AtteTition  han 
already  been  called  to  the  noann  talcen  to  prevent  both 
of  these  P!0i.irGef5  of  error,  biit,  in  spite  of  nont  care- 
ful attention,  in  a  jnini;ei.->  of  experiments  considerable 
dilution  has  occurred  from  tliese  causes.   It  laanlfests 
itself  b'/  a  rise  in  tlie  position  of  the  top  of  the 
manometer  as  deternined  repeatedly'-  throughout  an  ex- 
periment, and  by  a  consequent  exc;^ssive  loss  in  the 
rotation  of  the  solution.   In  every  cano  recorded., 
v/here  there  has  been  observed  any  considerable  rise  in 
the  top  of  tlie  manometer  during  an  experiment,  there 
has  been  observed  at  t;ie  conclusion  of  the  experiment 
a  larger  loss  in  rotation  than  was  observed  in  experi- 
ments with  the  saxie  solution  vihere   there  was  observed 
no  clianf^e  in  the  position  of  the  top  of  tlie  manometer. 
If  in  an  experiment  no  cJian^ore  is  observed  in  the  posi- 
tion of  the  top  of  tlie  manometer,  it  is  practically' 
certain  no  dilution  has  occrirred  from  this  cause.   But 
even  here  tlie  losn  in  rotation  mai''  be  affected  some 
by  the  slight  dilution  diie  to  the  other  causes  above 
mentioned.   Tlie  problem  is  manifestly  a  complicated  one. 
In  the  experiments  recorded  in  tlie  follov/ing 
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tables  an  atterut  han  been  made  to  distribute  the  ob- 
served lonr?  in  rotation  between  inversion  and  diliition. 
The  plan  adO'jted  can  best  be  illxistrated  by  a  particu- 
lar example.   Tdlc  e  the  case  of  the  two  experiments 
with  the  0.4  weirlit-normal  solittions,  Tables  X.  and  XI. 
In  Experiment  1,  tiie  rise  in  Hie   mano  leter  v;as  0.3  rim., 
the  losn  in  rotation  0*^.8.   In  Experinent  2,  the  rise 
of  til  e  manometer  was  1.18  ru^i.  ,  and  the  los'-  in  rotation 
was  1  .3.    In  Experiiaent  1,  tlie  loss  in  rotation,  0°.8, 
is  taken  as  a  correction  for  inversion.   In  Experiment 
2,  the  same  correction  is  applied  for  inversion, 
vjhlle  0° .5   U".3  -  0^.8)  loss  in  rotation  is  applied 
as  a  correction  in  the  opijosite  direction  for  dilution. 

The  sajTie  procedure  is  followed  in  the  experi- 
ments with  each  of  the  other  concentrations.   In  the 
experiment  v/liere  tliere  has  been  observed  tlie  least  rise 
in  the  position  of  the  manometer,  all  loss  in  rotation 
is  calculated  as  Inversion,  w]iile  in  the  other  experi- 
ment or  experiments  v/here  tliere  has  been  observed  a 
p:reater  rise,  in  the  position  of  the  manometer,  the  ex- 
cess loss  in  rotatior.  is  calculated  as  dilution. 

However,  in  makini;  the  corrections  on  this 
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basis,   tlie  au.t^ior  is  not  -iinjairullYil  of  tlie  fact   that 
even  in   the  bent   experliaents   soiae   of  the  los?^   in  rota- 
tion rnust  be  rlue,   not    to   inversion,   but   to  dilntion. 


R3C0P.D   OF  EXP?;RIM>;NTc 


In  carrying  out   a  raeasiir anient   of  osiiiotio 
pressure,   before  settinr^  av;ay  the  cell  awl  Manometer 
in  their  respective  places   in   tlie  bath,   preliminary 
readinf^s  are  tai-en  on  the  standard  scale  of  the  positioi 
of  the   top   of  tlie  laanoneter,    the  hei.5:i-it   of  the  laercury 
in  tlie  manometer,    the  lov/er  line  of  reference,   scratch 
Ko.    1,    the  position  of   the   solution   in   U\e  bulb  on   the 
bend  of  the  iianometer,   and  the  position  of  the  surface 
of  tlio  vrater   in  which   the  cell    is  placed.        The   tem- 
peratui'e  of  the  room  and   the  baroiaetrlc  pressui-e   are 
also   observed. 

These  ol'servations  furnish  all   the  data  neces- 
sary for  calculating  tlie  pres-^.ure  of  liquids  in  the 
cell  and  manometer,   and  also  the  initial  pressure  on 
the   enclosed  air   of  the  nanor:ieter. 


67- 


Aftt^^r  placing  the  cell  and  manometer  in  the 
bath,  cliLring  the  further  progress  of  the  experiment, 
it  is  necessary  onl3'-  to  take  readings  of  the  temperature 
of  tlie  water  in  the  bat]-i,  the  temper  atitre  of  tlie  air 
aroimd  the  manometer,  the  barome-fric  pressure,  and  the 
relative  positions  of  tlie  toj.  of  tlie?  manometer  and 
the  top  of  tlie  mefcury  colmm  in  the  manometer.   The 
baroiuetric  n^adings  are  corrected  for  ten^eratnre, 
latitude  and  altitude.   As  previously  mention  :d,  all 
observations  of  the  length  of  air  coriuiin  in  tlie  manometer 
are  corrected  for  double  meni^-cus,  the  meniscus  of  the 
thread  of  mercury  in  the  upper  portion  of  the  manometer 
and  that  of  tlie  mercujry  column  being  regarded  as 
spherical. 

Values  used  In  Computations. 

Temperature  coefficient  of  gases  =  0.00367. 
Coefficient  of  cubical  expansion 

of  mercury,  =  0.0001818. 

Weight  of  1  litre  of  hydrogen, 

at  0  ,  at  Baltimore,      ^   =  0.089826  gram. 
Pressure  of  a  gram-molecular 

weight  of  hydrogen,  in  1 

litre,  at  0  ,  =22.265  atmo- 

spheres. 
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o.?^0  Welp^ht-Normal  solution  -  Experiments  1,  8,  5. 


sugar  dissolved  in  1000  grams  of 

water,  =   67.92  grains, 

-   1041.72  CG. 

Conoentratlon  of  solution  ac- 
cording to  volurae- 
normal  standard,      =    0,1920. 


Experiment  1.  - 


Rise  of  manometer  =  S^'^S  mm. 

Loss  in  rotation,  =  0  .7. 
Loss  In  rotation  ascribed 

to  inversion,  =  O^.C, 
Loss  in  rotation  ascribed 

to  dilution,  =  00.2. 


Experiment 


Rise  in  manometer,  =  1.44  rnra. 

Loss  in  rotation,  =  O^.v. 
Loss  in  rotation  ascribed 

to  Inversion,  =  O0.5. 
Loss  in  rotation  ascribed 

to  dilution,  =  0O.2. 


Experiment  3.  - 

Rise  in  manometer,  =0.19  mm. 

Loss  in  rotation,  =  oo.5, 

all  ascribed  to  inversion. 
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Comments. 

Previous  to  Experiment  1,  after  the  preparation 
and  development  of  the  membrane  already  described,  cell 
G  had  been  used  for  a  measurement  of  the  osmotic 
pressure  of  a  0o6  v/eight-normal  solution.   Up  to  the 
time  of  Experiment  1,  the  cell  had  been  sub.-jected  to 
the  membrane  forming  process,  in  all,  17  hours. 

Attention  Is  called  to  the  rapidity  v;ith  ;7hlch, 
in  Experiment  3,  the  pressure  reached  a  maximum. 

V-Tien  molecular  weights  are  determined  by 
osmotic  presp-ure,  the  accioracy  of  the  results  Increases 
with  the  concentration  of  the  solution.   A  mistalce 
of  0,10  of  an  atmosphere  in  the  pressure  of  a  0.2 
v/elght-norraal  solution  produces  an  error  of  7.08  units 
in  the  estimated  molecular  weight  of  cane-sugar. 
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0.4  V/eight-Koraal  solution  -  Experiments  1»  2. 


Sugar  dissolved  in  1000  grams  of 

v/ater,  =  135.84  grams. 

Volume  of  solution  at  20°      =  1083.67  cc. 
Concentration  according  to  the 

volume-normal  standard,    -    0.3691. 


Experiment  1.  - 

Rise  of  manometer  =  0.30  mm. 

Loss  in  rotation  -   0.°S. 

Lobs  in  rotation  all  ascribed 
to  inversion. 


Experiment  2.  - 

Rise  of  manometer  =   1.18  mm. 

Loss  in  rotation  =  l."3. 
Loss  in  rotation  ascribed 

to  inversion  :::  0.^8. 
Loss  in  rotation  ascribed 

to  dilution  :z  0.°5. 


Comments. 

In  these  tv/o  experiments,  the  maximum  pressure 
v/as  reached  in  9  and  7  hours  respectively. 
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0.6  Welg;ht-Normal  solution  -  Experiments  1,  P.. 


Sugar  dissolved  in  1000  grams 

of  water  =  203.76  grams 

Volume  of  solution  at  20°         =  1125.62  cc. 
Concentration  according  to  the 

volume-normal  standard       r    0,5322. 


Experiment  1.  - 

Rise  of  manometer  =  3.78  i 

Loss  in  rotation  -  2.*^8. 
Loss  in  rotation  ascribed 

to  inversion  =  l.°8. 
Loss  in  rotation  ascribed 

to  dilution  =  l.°o. 


Experiment 


Rise  of  manometer  -         0,83  mm, 

Loss  in  rotation  =    l.°9. 

Loss  in  rotation  all  entered 
as  an  inversion  cor- 
rection. 


Experiment  3.  - 


Rise  of  manometer  =    0.64 

Loss  in  rotation  =    l.°8 

the  v/hole  ascribed  to 

inversion. 


Gomments. 

In  Experiment  2,  the  naxirmm  pressure  was 
attained  in  7  hours  after  the  cell  v;as  set  up.   In 
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the  other  two  experimentB ,  1  and  3,  a  maximum  had  al- 
most been  reached  in  7  and  11  hours  respectively. 

Attention  is  directed  to  constant  temperature 
of  the  solution  maintained  throughout  these  experiments, 
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0.8  Weight-Normal  solution. 


Experiments  1,  2, 


Sugar  dissolved,  in  1000  grams 

of  v/ater  -  P.71.68  graros. 

Volume  of  the  solution  at  20"      -1167.68  cc. 
Concentration  according  to  the 

volume-normal  standard       -   0,6834, 


>^]xperiment  1. 


Rise  of  manometer 
Loss  in  rotation 
Loss  in  rotation  ascribed 
to  inversion 


0.32  mm, 
3,^2. 


3.^ 


Experiment  2, 


Rise  of  manometer 

1,80  mm, 

Loss  in  rotation 

- 

3.°  9. 

Loss  in  rotation  ascribed 

to  inversion 

_ 

3.°2, 

Loss  In  rotation  ascribed 

to  dilution 

- 

0."7. 

Comments. 

The  maximum  pressure  was  nearly  attained  in 
less  than  five  hours,  in  Experiment  1.   In  these  two 
experiments  there  was  practically  no  change  of  temper- 
atiu*e  in  the  water  of  the  bath. 
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1.0  T/eleht-Kornial  solution  -  Experiments  1,  2, 


Sugar  dissolved  in  1000  grams 

of  v/ater  =   339.6  grams, 

Volume  of  solution  at  20^  =.     1209.81  co. 

Concentration  of  the  solution 

according  to  the  volume - 

normal  standard  =     0.8266. 


Experiment  1.  - 

Rise  of  manometer  =    0,88  ram, 

Loss  in  rotation  =    2.^4, 

all  ascribed  to  inversion. 


Experiment  2, 


Rise  of  manometer 

2.97  ram, 

Loss  in  rotation 

_ 

4.O0. 

Loss  in  rotation  ascribed 

to  inversion 

- 

2.04. 

Loss  in  rotation  ascribed 

to  dilution 

- 

1.0  6. 

Comments. 

The  cellf  used  in  these  experiments  "ro:^se=A=aB,d- 
B  which  had  been  used  last  year  by  Morse  and  Frazer  in 
their  measurements  of  osmotic  pressure,  and  this  year 
for  some  time  in  the  measurement  of  the  osmotic  pressure 
of  grape-sugar  solutions.   It  v/ill  be  noted  that  about 
59  hours  viere  reqiiired  for  the  maxirmua  pressure  to 


85- 


develop. 

A  mlstaKe  of  0.1  atmosphere  In  the  osmotio 
pressiu*e  of  a  weight-normal  solution  produces  an  error 
of  only  1.4  units  in  the  estiraated  molecular  weight 
of  cane-sugfir. 
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TABLE   XIX, 


Smnmai'y  of  Results. 


Weight- 

Osmotic 

iCras  pres- 

:niffer- 

:I.lolecular:Molecu- 

normal 

pressure, 

:;5ure  cal- 

:ence  be- 

:v/eight        :lar 

concen- 

observed. 

:culated 

:  tv/een 

:  calculat-  ivrelght 

tration 

( Atmo- 

:for same 

'.pressure 

:ed  from     :Mean 

of  so- 

spheres ). 

: temper a- 

: observed 

: observed   rvalues 

lution  . 

: ture „ 
:  ( Atmo- 
:  spheres). 

:and  cal- 
:oulated  . 

ipressure. : 

Experiment  1. 


0.2 


0.4 


4.73 

4,79           -0.06 

343.93 

4.73 

4.79           -0.06 

344.16 

4.71 

4.79           -0.D8 

345.76 

4.71 

4.80           -0.09 
Experiment  2. 

345.99 

344.96 

4.81 

4.80         +0.01 

338,85 

4,80 

4.80              0.00 

339.67 

4.79 

4.80           -0.01 

340.38 

4.76 

4.80           -0.04 

342.58 

4.76 

4.80           -0.04 
Experiment  3. 

345 . 02 

340.90 

4.81 

4.81             0.00 

339.37 

4.81 

4.81              0.00 

339.54 

4.80 

4.81           -0.01 
Experiment  1. 

340.31 

339.74 

9,62 

9.61             0.01 

339.17 

9.64 

9.61             0.03 

338.61 

9.64 

9.61             0.03 

338.72 

9.65 

9.61             0.04 

338.43 

338.73 
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Weight- 

: Osmotic 

:Gas  pres-iDiffer- 

normal 

: pressure, 

:sure  cal-:ence  be- 

concen- 

: observed. 

:culated  :tv/een 

tration 

:(Atmo- 

:ror  same  : pressure 

of  so- 

: spheres ). 

: tempera-  : observed 

lution. 

:ture.    :and  cal- 

;(Atmo-   :culated. 

:  spheres ).  : 

Experiment  2. 

0.4 

9.69 

9.6.3    ^0.06 

9.69 

9.63    V-0.06 

9.69 

9.63    -f-0,06 
Experiment  1. 

0.6 

14.70 

14.55    y-0.15 

14.74 

14.55    ^0.19 

14.76 

14.55    ^0.21 

14.76 

14.55     ^0.21 
Experiment  2. 

14.69 

14.54    :^0.15 

14.70 

14.55    -^0.15 

14.71 

14.55    ^0.16 

14.70 

14.55    ^0.15 
Experiment  3. 

14.74 

14.54    -/-0.20 

14.77 

14.54    -fO.23 

14.79 

14.54    -f-0.25 

14.78 

14.54    +0.24 

14.77 

14.54    +0.24 

: Mo 1 ecul ar : Mo 1 ecu- 
iweif^ht   :lar 
:calculat-:v;eight, 
;ed  from  :Mean 
; observed  rvalues. 
; pressure- : 


337.44 
337.50 
337.55 


336.14 
335.35 
354.89 
334.89 


336.20 
336,03 
335.90 
336.13 


335.00 
334.32 
333.87 
334.10 
334.32 


337.50 


335.32 


336.06 


334.32 
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V/eight- 
norraal 
concen- 
tration 
of  so- 
lution 


:03inotlc 
ipresf^ure, 
:  observed, 
:  ( Atiao- 
:  spheres ) 


:Gas  pres-:Differ- 
isure  cal-:ence  be- 
iculated.     :tv/een 


: Molecular : Molecu- 
:v/eight        :lar 
:  calculat-  :y/eight , 
for  saiae    :pressure   :ed  l^rom     :l.iean 
tempera-    : observed,   ".observed    ivaliies. 


:ture. 
; ( Atmo- 
;  spheres ) 


:and  cal- 
:  ciliated 


: pressure   : 


Experiment  1, 


0.8 


I.O 


19 

.30 

19, 

.35 

-0, 

.05 

340, 

.53 

19, 

.26 

19. 

.35 

-0, 

.09 

341, 

.27 

19, 

.29 

19. 

.35 

-0, 

.06 

340, 

.73 

19, 

.33 

19. 

.35 

-0, 

.02 

340. 

,03 

19, 

.34 

19. 

.35 

-0. 

.01 

339, 

.85 

Experiment 

2. 

19, 

.35 

19, 

.36 

-0. 

.01 

339, 

.79 

19, 

.31 

19. 

.36 

-0. 

.05 

340. 

.49 

19, 

.43 

19, 

.36 

-K). 

.07 

338, 

.39 

19. 

.44 

19. 

.36 

-hO. 

.08 

333. 

.22 

19, 

.42 

19. 

.36 

+  0. 

.06 

338, 

.51 

Experiment 

1. 

24, 

.47 

24, 

,19 

-^0, 

.28 

335, 

.70 

24, 

.49 

24, 

.19 

+  0, 

.30 

335, 

.45 

Experiment 

2. 

340.48 


339.08 


335.57 


24.05 
24.05 


24.28 
24.28 


-0.23 
-0.22 


342.78 
342.66 


342.72 
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TABLE  XX.  -  Mean  Molecular  Weight  for  each  Concentration. 
Ooncentratlon        Molecular  weight, 


0.2 

341.87 

0.4 

338.12 

0.6 

335.23 

0o8 

339.78 

1.0 

339.15 

Mean  of  all  determinations 

338.83 

Theoretical , 

339.60 

Difference, 

0.77 

In  the  follov/ing  Table  XXI.  Is   given  a  brief 
surnmary  of  the  results  obtained  by  Mr.  V/.  L.  Kennon  in 
the  raeasvirement  of  the  osmotic  presf^rire  of  cane-sugar 

solutions  of  0.1,  0.3,  0.5,  0.7,  and  0.9  weigh t- 
normal  concentrations. 


TABLE   XXI. 
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Weight- 
noriual 
ooncen- 
tration 
of  so- 
lution , 


Onraotic      :Gas  pres-:Differ- 
pressure, :sure  cal-:ence  be- 
observed.  iGUlated      itvieen 
(Atmo-        :for  same    ipresntire 
spheres  ).  :  tempera-    :  observed 
ittire.  :and  cal- 

:(Atmo-        :culated. 
:  spheres ).  : 


: Molecular :Molecu- 
:weight        :lar 
:oaloulat-:v/eight. 
:ed  from     :Mean 
: observed   lvalues. 
ipressirre,  : 


Experiment  1. 


0.1 


0.3 


2.50 
2.50 
2.52 
2.52 

2.41            +0.09 

2.41  +0.09 

2.42  +0.10 
2.42            +0.10 

Experiment  2. 

329.09 
329.14 
326,53 
326.58 

2.53 
2.56 
2.56 
2.56 

2.42            +0.11 

2.42  +0.14 

2.43  +0.13 
2.43            +0.13 

Experiment  1. 

325.40 
321.58 
321.63 
321.63 

7.25 
7.23 
7.23 

7.21            +0.04 
7.21            +0.02 
7.21            +0.02 

Experiment  2, 

337.68 
338.72 
338.72 

7.21 
7.21 
7.17 

7.16           +0.05 

7.16  +0.05 

7.17  0,00 

337.36 
337.53 
339.70 

327.85 


322.56 


338,37 


338.20 
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Weight- 
normal 
concen- 
tration 
of  so- 
lution 


Osmotic      ifias  prss-:Differ- 
Pressure, :sm'e  cal-:ence  be- 
observed.  iculated      :tv;een 
(Atmo-        :for  same    : pressure 
spheres )    :  ten^Dera 

:  tVTB  . 

:(Atmo-   roulated 
:  spheres )  : 


iMolecular iMolecu- 
:',7elp;ht   :lar 
:calculat-:v/ei/^ht. 
:ed  from  :Mean 

: observed  : observed  lvalues. 

:and  cal-  ipressvire  : 


0.5 


12.07 
12.06 
12 .  04 


Experiment  1. 


12.06 
12.05 
12.06 


-^0.01 
+  0.01 
-0.02 


339.29 
339.36 
540.16 


339.60 


Experiment  2. 

12.19     12.10     T^O.09  337.11 

12.25    12.10     T^0.15  335.46 

12.23     12.10     -j-0,13  336,01     330,19 


Experiment  1. 


0.7 


0.9 


16.99 

16.92             +0,07 

338.39 

16.94 

16.92             +0.02 

339.39 

16.96 

16.95             -f-0.01 

339.40 

16.92 

16.96              -0.04 
Experiment  2. 

340.37 

339.39 

16.98 

16.89             -fO.09 

338.87 

16.96 

16.89             +0.07 

339.27 

16.97 

16.95             +0.02 

339.14 

16.92 

16.98             -0.06 
Experiment  1. 

340.70 

339.49 

21.90 

21.87             +0.03 

339.12 

21.97 

21.87            -h  0.10 
Experiment  2. 

338.04 

338.58 

21.98 

21.87           -y-0. 11 

337.89 

22.05 

21.87           -y-0. 18 

336.82 

337.35 

Mean  of  all  determinations  335.75 
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C  0  N  C  L  ';  3  I.  0  N  S  . 


The  results  rooor';led  in  "'•.he  foregoing  pages  of 
this  paper  strengthen  the  conclusion  of  Horse  and  Frazer 
that  the  determining  factor  ii  osnotic  pressirre  is  the  numeri- 
cal relation  existing  between  the  molec-ules  of  the  dis- 
solved substance  and  of  the  solvent,  rather  than  the  num- 
ber of  molecules  of  the  dissolved  substance  contained  in 
unit  volume  of  the  solution.   Taxing  as  the  standard  quantity 
of  the  solvent  that  mass  of  p^xre  water  which  has  th.e  gas- 
unit  volume,  no  abnormalities  have  +o  be  accounted  for  in 
the  case  of  the  osmotic  pressure  of  solutions  of  cane-sugar. 
On  this  basis  the  osmotic  pressure  of  these  solutions 
obpys  the  gas  laws. 

The  margin  of  experimental  error  is  still  too 
great  to  admit  of  determining  whether  the  correct  standard 
is  the  volume  of  the  solvent  at  the  temperatvire  of  maximvim 
density,  or  at  the  teraperat^.u?e  at  which  the  pressvire  is 
measured. 

It  is  highly  orobable  that,  on   thin  "weight-normal" 
basis,  as  in  the  case  of  the  osmotic  pressure  of  cane- 
sugar  solutions,  the  osmotic  pressijres  of  most  undissociated 
substances  'vili  be  found  to  be  in  close  accord  with  the  hy- 
pothesis of  van't  Hoff. 
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II.        THE  SEMIPEPJvIEABLE  MEMBRANE   OP   COPPER 
COBALTI CYANIDE. 


INTRODUCTION. 

Since  the  discovery,  in  1901,  of  Morse  and 
Horn  ~ ^  that  the  membrane  of  copper  ferrocyanide  could 
be  deposited  more  successfully  and  to  better  advantage 
electrolytlcally  than  by  the  diffusion  method  of 
Pfeffer,  no  less  than  tv;entj'--six  different  precipitates 
have  been  examined  as  to  their,  osmotic  activity,  v/ith 
a  viev;  to  determining  v;]iich  of  them  might  be  used  to 
advantage  in  cases  v/here  copper  ferrocyanide  could  not 
be  used  for  one  reason  or  another. 

IVhile  quite  a  number  of  membranes  studied 
seemed  to  give  promise  of  being  thus  useful,  as  judged 


(1)  Amer.  Chem,  Jour.,  26,  80, 
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sirnply  by  pressure  nieasurenients  with  open  manometers, 
or  by  the  rate  of  overflow  of  the  cell  contents  under 
little  more  than  one  atmosphere  pressure,  no  conclu- 
sions could  be  drawn  definitely  as  to  v/hat  v/ould  be 
their  conduct  v/ere  it  attempted  to  use  them  in  the 
direct  measurement  of  pressure  v/ith  closed  manometers. 
The  latter  attempt  was  not  made  because  of  the  great 
difficulty  of  securing  porous  cups  of  unquestionable 
character,  whose  walls  could  be  counted  upon  to  p;±ve 
proper  support  to  the  membrane.   Any  conclusions  as  to 
the  efficiency  of  a  membrane  based  on  results  with  cellj 
of  questionable  character  must  necessarily  be  of  very 
little  value.   In  this  connection  it  should  be  noted 
that  many  failures  to  make  direct  measurements  of 
osmotic  pressure  have  been  due,  not  to  the  membrane, 
but  to  the  faulty  character  of  the  cell  wall  in  which 
or  upon  vrtiich  the  membrane  was  deposited.   The  irt^ 
portance  of  keeping  this  distinction  clearly  in  mind 
can  not  be  urged  too  strongly,  for  many  conclusions 
reached  concerning  osmotic  pressure  and  its  measurement 
may  be  entirely  erroneous  for  no  other  reason  than 
that  the  cell  wall  did  not  provide  sufficient  support 
for  the  membrane. 
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Among  the  precipitatcR  aturtied  in  thin  labora- 
tory was  that  of  copper  oobaltioyanicle.  ■'■  •*    The  re- 
sults witli  this  nenhrane  v/ere  so  prornisinr;  tliat  there 
was  reason  to  believe  that  7/]ien  the  prol,ilerri  of  tiie 
porous  cup  should  have  been  solved  the  iieiabrane  could 
be  used  for  the  actual  measurement  of  pressure. 

When  a  soluti^m  of  copi'er  sulphate  is  coriiplete- 
ly  precipitated  by  a  solution  of  potassium  cobalticyaiiide, 
there  is  formed  a  beautiful  turquoise-blue  precipitate 
of  copper  Gobalticyanide,  apparently  of  composition, 
01'3  OOg  (Gl])ip.        This  pr'-rcipitate  is  insoluble  in 
acids,  but  very  soluble  in  ajiiionia.   Witli  potassimn 
hydroxide  it  turns  green,  becoming  darJcer  and  darker 
until  finall3^  it  lias  the  dJorK  appearance  of  cupric 
oxide. 

Morse  and  Carver  studied  the  rate  of  overflov/ 
of  the  cell  contents  under  a  prossLire  of  a  little 
more  than  one  atmosphere.   The  membrane  of  copper 
cobalticyanide  was  deposited  electrolytically ,  the 


(1)   B.  P.  Carver,  Dissertation,  Jolms  Hopkins 
University  (1903). 
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anode  used  beiri":  of   copoer  and  the  catliode  of  platlnmn. 
Tent]i  nomial  nolntionn  of  potaBBiiui  oooalticyanide  and 
of  copper  sulphate  ;vere  used  as   electrolytes,  tlie  latter 
loeinn  placed  outside  tlie  cell.   The  solutior,  of  potas- 
sii.ua  cobalticyanide  In  tl^e  cell  v/as  acidified  v;ith 
acetic  acid  to  neutralize  the  effect  of  alkali  on  the 
membrane  during;  its  depositior..   The  voltapfe  employ- 
ed v;as  usually  small  at  the  bef^innin^^  of  the  membrane 
deposition,  but  was  f^radually  increased  ujitil  it  reach- 
ed abo-;t  110  volts.   The  cells  used  v/ere  bottle 
shaped  and.  had  a  capacity  of  about  200  oc.   After  the 
deposition  of  t]-ie  membrane,  the  cell  v/as  filled  v/ith 
a  noriiial  solution  of  s-u.-^ar  and  placed  in  a  vessel  of 
v;ater,  an-'  the  rate  of  ove:^flo',7  observed  for  a  con- 
siderable length  of  time.   It  anou.nted,  .usually'' ,  d.ur- 
Inf^  the  first  liou.r  to  abou.t  6  cc,  the  rate  of  bverflov/ 
decreasing  as  tiie  solu.tion  beca::ie  iiore  and  more  diluted 
by  tlie  inflov;  of  water. 

Cells  of  the  va.riety  i-ised  here  were  wliolli'-  un- 
suited  to  tlte  direct  measurement  o"''  pressure  for  the 
reasons  above  allude-l  to.   Since  then  nuch  progress  has 
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been  made  in  the  solution  of  the  problem  of  the  porous 
cup,  and  it  has  been  found  possible  to  provide  a 
number  of  very  excellent  cells.   It  wag  suggested  by 
Professor  Worse  that  the  membrane  of  coTjjjer  cobalticy- 
anide  be  firrther  studied  by  an  attempt  to  use  it  in  the 
actual  measurement  of  osmotic  pressure.   An  account 
of  the  beginning  that  has  been  made  in  this  direction 
v/ill  be  given  in  the  following  pages  of  this  paper. 


THE   CELL   USED. 


The  cell  used  in  this  vrark  v/ill  be  Icnovm  as 
Cell  L.  Before  burning  it  had  a  length  of  9,40  cm., 
an  internal  diameter  at  the  open  end  of  2.49  cm.,  and 
an  external  diameter  n'T-ist  belov;  the  rim  of  3.54  cm. 
Previous  to  this  work  the  cell  had  been  used  in  several 
experiments  v;ith  zinc  ferrocyanide,  after  which  the 
cell  and  its  parts  were  all  taken  apart,  the  cement 
entirely  removed,  and  the  membrane  dissolved  in  potassium 
hydroxide,  the  last  traces  being  removed  by  electrolysis. 
Aftenvards  the  electrolysis  was  continued  until  no 
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alkali  remained  in  the  walls  of  the  cell.   The  parts 
of  the  cell  X7ere  then  reassembled,  it  being  necessary 
to  provide  new  parts.   T]ie  probable  effect  of  the 
treatraent  of  the  cell  in  this  manner  on  the  results  of 
later  experiments  vjlll   be  considered  further  on,   It 
will  be  unnecessary  to  describe  the  apparatus  for  the 
removal  of  air  from  the  cell  walls,  and  that  used  in 
the  deposition  of  the  membrane.   The  apparatus  and 
method  are  identical  v/ith  those  previously  described. 
Cell  L  v;as  of  very  fine  texture  as  indicated  by  the  low 
rate  of  endosnose  when  a  volta^^e  of  100  was  used,  with 
0,005  normal  lithium  sulphate  solution  as  electrolyte. 
It  amounted  on  the  average  to  about  15  cc,  per  hour. 
In  the  deposition  of  the  membrane  0.1  normal  potassium 
cobalticyanide  solution  was  used  inside  the  cell,  while 
a  solution  of  the  same  concentration  of  copper  sulphate 
was  placed  outside.   The  solution  of  potassium 
cobalticyanide  was  always  slightly  acidified  with  acetic 
acid  to  neutralise  the  effect  of  alkali,  care  being 
taken  to  add  the  same  quantity  of  acid  each  time  so  that 
the  magnitude  of  the  resistance  in  the  circuit  during 
the  membrane  deposition  shou.ld  not  vary  on  account  of 
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the  presence  of  varying  quantities  of  acid,   Tlie 
solution  in  the  cell  viap^   renev/ed  every  few  minutes. 

THE  EXPERIMENTS 


Preliminary  experiments  v;ere  made  with  another 
cell  to  test  the  activity  of  the  membrane.   The 
"overflow"  method  indicated  considerable  activity. 

In  view  of  the  uncertainty  as  to  \7hat  current 
pressure  was  best  suited  to  the  deposition  of  the 
membrane  it  was  deemed  advisable  to  make  the  first  ex- 
periments with  a  comparatively  Iovt  voltage  -  37  volts. 

Accordingly,  the  membrane  deposition  v/as  begun 
as  shov/n  in  the  following  record: 


Record. 


January  20,  1906, 


Time.     Current. 

Voltage. 

Resistance 

3:00  P 

.M.     0.0050 

37.6 

7520 

3:02 

0.0080 

37.6 

4700 

3-105 

'       0.0044 

37.6 

8545 

3:10 

0.0034 

57.6 

11059 

3:20 

0.0026 

37.6 

14461 

3:30 

0.0022 

37.6 

17086 

3:40 

0.0020 

37.6 

18800 

3:50 

•       0.0019 

37.6 

19789 

4:00 

•       0.0019 

37,6 

19789 

4:10 

0.0018 

37.6 

20888 

4:30 

•       0.0013 

37.6 

20888 

4:40 

0.0016 

37.6 

23500 

4;50 

0.0016 

57.6 

25500 

5:00 

'       O.OOIG 

37.6 

23500 
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The  cell  vias   then  taken  down  and  placed  in  distilled 
water  until  February  1,  when  the  deposition  was  continued, 

Record. 


February 

1,  1906. 

Time. 

current. 

Voltage. 

Resistance. 

2:40 

P.M. 

0.0022 

37.6 

17090 

2:45 

II 

0.0018 

37.6 

20888 

2:50 

" 

0.0014 

37.6 

26857 

3:00 

II 

0.0013 

37.5 

28846 

3:10 

II 

0.0012 

37.6 

31333 

3:20 

II 

0.0011 

37.6 

34181 

3:30 

ir 

0.0010 

37.6 

37600 

3:40 

II 

0.0010 

37.6 

37600 

3:50 

It 

0.0010 

37.6 

37600 

4:00 

n 

0.0010 

37.4 

37400 

4:10 

II 

0.0010 

37.6 

37600 

4:20 

II 

0.0010 

37,5 

37500 

4:- 30 

" 

0.0010 

37.5 

37500 

4:40 

II 

0.0010 

37.5 

57500 

Record, 


Tirae. 

Current . 

Voltage. 

Resistance. 

2:50  P.M. 

0.0120 

37.5 

3125 

2:55  » 

0.0018 

37.5 

20833 

3:50  P.JvI. 

0.0010 

37,5 

37500 

4:00  » 

0.0010 

37.5 

37500 

4:10  " 

0.0010 

37.5 

37500 

4:20   '• 

0,0010 

37.5 

37500 

4:30   " 

0.0010 

37.5 

37500 

The  above  records  are  given  in  detail  as 
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Rhov/ing  hov/  uniformly  the  resistance  increased  until  a 
maximum  was  reached,  and  the  behavior  which  would  lead 
one  to  expect  gcood  results  in  an  attempt  to  make  a 
measurement  with  the  membrane, 

Experiment  I. 

In  accordance  with  the  usual  procedure  the  cell 
was  set  up  with  a  preliminary  solution  of  sugeir,   A 
0.5  weight-normal  solution  made  0.1  normal  with 
potassium  cobalticyanide  was  used.   After  attacliing 
the  manometer  to  the  cell  in  the  usual  v/ay,  the  cell 
was  placed  in  a  0.1  normal  solution  of  copper  sulphate. 
An  initial  mechanical  pressure  of  about  1  atmosphere 
was  brought  to  bear  on  the  cell  contents  and  tiie 
mercury  in  the  manometer.   The  mercury  immediately 
began  to  fall.   Llechanical  pressure  was   again 
brought  to  bear,  but  the  mercury  again  fell,  and  never 
showed  any  tendenc3''  to  rise.   However,  such  behavior 
night  be  expected  in  a  first  experiment.   The  cell  was 
tlien  talcen  dovm  and  placed  in  distilled  \7ater  until 
it  was  again  desired  to  repeat  the  raembrane  forming 
process. 
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Record. 

On  tlire-^  following  days   the  dej^osition  was 
continued  for  four  and  one-half  hours  at  the  same  volt- 
age.  At  the  end  of  this  time  the  resistance  of  the 
membrane  had  reached  62100  ohras. 

Experiment  II, 

The  cell  v;as  af^ain  set  up  v/ith  the  preliminarj'- 
solution  of  sugar.   The  initial  mechanical  pressure 
was  about  1  atmosphere.   The  mercury  fell  as  in  the 
previous  experiment  and  showec  no  tendency  v^hatever  to 
rise. 

On  three  more  consecutive  days,  in  all  5  if 2 
hours,  the  membrane  was  reenforced.   At  the  beginning, 
V7ith  a  voltage  of   37,  the  resistance  of  the  membrane 
v/as  only  8000  ohms,  clearly  shoviing  it  had  been  con- 
siderably ruptured  in  the  last  experiment.   The  record 
for  the  third  day  follows. 
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Record, 


February 

9,  1906. 

Tiiae. 

Current . 

Voltage. 

Resistance. 

2:50 

P.M. 

0.0010 

37.6 

37600 

3:00 

" 

0.0006 

37.8 

63000 

3:10 

ir 

0,0004: 

37.8 

94500 

3:20 

» 

0.0004 

37.8 

94500 

3:30 

t) 

0.0004 

37.8 

94500 

3:40 

•» 

0.0003 

37.8 

126000 

3:50 

" 

0.0003 

37.8 

126000 

4:00 

ir 

0.0003 

37.7 

125666 

4:10 

II 

0.0003 

37.7 

125666 

4:20 

It 

0.0003 

37.7 

125666 

4:30 

11 

0.0003 

37.7 

125666 

4:40 

" 

0.0003 

37.7 

125666 

The  hiRii  resistance  here  reached  v/as  taken  as 
an  indication  of  a  very  satisfactory  condition  of 
membrane.   This  has  s;^emed  to  be  the  meaninf^  of  high 
resistance  in  the  case  of  the  copper  ferrocyanide 
iaeiabrane. 

Experiment  III. 


The  cell  was  again  s<='t  up  with  0.5  normal  cane- 
sugar,  and  0.1  normal  membrane  formers.   Mechanical 
pressure  v/as  repeatedly'"  bro^'.gh.t  to  bear,  which  was 
folloY/ed  in  every  case  by  a  fall  in  the  mercury.  The  mer- 
cury never  rose. The  next  day  the  cell  v/a^  taken  down 
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and  set  to  soak  in  distilled  v;ater. 

It  v/as  then  decided  to  use  a  lov/-er  voltage  for 
the  deposition  of  the  membrane  to  determine  if  better 
results  could  be  obtained. 

Record. 


February 

13,  1906. 

Time. 

Current. 

Voltage. 

Resistance. 

3:40  P.M. 

0.0008 

11.6 

14500 

3 :  50  " 

0.0004 

11.6 

29000 

4:00  •• 

0.0003 

11.6 

38666 

4:10  « 

0.0002 

11.6 

58000 

4:20  " 

0.0001 

11.6 

116000 

4:30   " 

0.0001 

11.6 

116000 

4:40   " 

0.0001 

11.6 

116000 

4:50   -' 

O.OOGl 

11.6 

116000 

The  deposition  v/as  continued  after  this,  on 
three  days,  for  5  hours.   At  the  end  of  this  time  the 
resistance  was  less  than  in  the  above  record,  namely, 
38666  ohms.   However,  the  cell  was  again  set  up  with 
the  usual  soliztion. 

Experiment  IV. 


The  nut  v/as  screv/ed  dov/n  on  the  stopper  until 
there  v/as  an  initial  pressure  of  about  1.5  atmospheres, 
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It  then  rose  about  15  mn.   The  nut  vias   again  screv/ed 
dovm,  after  which  the  meTQury   began  to  fall  and  showed 
no  tendency  again  to  rise. 

The  remaining  experiments  were  male   using  a 
voltage  of  about  112  for  the  deposition  of  the  merabrane. 
it  being  thought  that  possibly  a  higher  voltage  than 
previously  used  v/as  required,  and  that  better  results 
would  possibly  be  obtained. 


Record, 


February 

20,  1906. 

Time. 

Current . 

Voltage. 

Resistojice, 

5:40  P.M 

0.0082 

112,3 

13695 

3:45  " 

0.0033 

112.2 

34000 

3:55  » 

0.0022 

112.2 

51C00 

4:05   " 

0.0019 

112.1 

59000 

4:15  " 

0.0017 

111.5 

65588 

4:25  » 

0.0016 

111.5 

69688 

4:35   " 

0.0015 

111.0 

74666 

Recori. 

February 

21,  1906. 

Time. 

Current . 

Voltage. 

Resistance, 

3:05  P.M. 

0.0047 

112 

23830 

3:10   " 

0.0035 

112 

32000 

3:20   " 

0.0031 

112 

36130 

3 :  30   " 

0.0030 

112 

37333 

3:40   » 

0.0027 

112 

41481 

3:50   " 

0.0026 

112 

43077 

iioo     " 

0.0022 

112 

50910 

4:10  " 

0.0024 

112 

46666 
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These  records  v;ere  not  what  one  wotild  consider 
promising,  but  the  cell  was  again  set  up  with  the  usual 
solutions. 

Experiment  V. 

The  behavior  of  the  raembrane  Y;as  as  in 
Experiment  IV.   There  v/as  at  one  time  during  the 
experiment  a  rise  of  mercury  of  about  8  rm. ,  which 
could  easily  be  accounted  for  by  temperature  change. 

Record. 


On  February  ;?2 ,  the  membrane  deposition  was 
resumed  for  about  1  1/2  hours.   The  resistance  rose 
from  41400  to  111100  ohms.   Voltage,  111.7. 

February  23:  Time  of  deposition  =  2   hours. 
Initial  resistance  =  32400  ohms. 
Final  resistance    =     80000  ohms. 

Experiment  VI. 

The  cell  was  then  set  up  again  after  the  usual 
manner.   An  initial  pressure  of  about  0.5  of  an 
atmosphere  was  brought  to  bear.   The  mercury  fell  for 
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about  15  minutes,  10  nun.   It  then  began  to  rise  until 
in  35  minutes  it  ^7as  rising:  1  ran.  per  minute.   In 
three  hours  it  rose  107  rnia. ,  equivalent  to  a  pressure 
of  1.5  atmospheres.   The  theoretical  pressixre  of  the 
solution  was  abovit  12  atmospheres.   The  nut  v/as  then 
screwed  dovm  on  the  stopper  imtil  there  was  a  pressure 
in  the  manometer  of  2.5  atmospheres.   The  mercury  at 
once  began  to  fall  and  never  afterwards  rose  again. 


CONCLUSIONS. 


The  above  brief  study  would  appear  to  shov/  that 
of  the  tltree  different  voltages  employed  for  the  deposi- 
tion of  the  membrane,  that  of  37  volts  was  the  most 
satisfactory,   A  maxiim.uii  resistance  of  more  than  125000 
ohms  was  attained  v/ith  this  voltage.   P/ith  12  volts  a 
nearly  as  good  result  v;as  obtained,  only  in  this  case 
the  current  v;as  so  small  that  very  little  membrane  could 
be  deposited  v/ithout  devoting  a  great  deal  of  time  to 
the  deposition.   With  the  voltctge  of  37  there  was  a 
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regularity  in  the  increase  of  the  resistance,  and  the 
maximum  resistance  vms  v/ell  maintained.   There  v/oixld 
seem  to  have  been  formed  a  fairly  compact  and  evenly 
distributed  membrane. 

On   the  other  hand  it  y;ould  appear  that  a  current 
pressure  of  110  volts  v/as  too  hi?^h,  and  that  the  rapid 
endosmose  of  v/ater  throu,^h  the  cell  v/all  and  membrane 
was  constantly  tearing  av/ay  the  membrane,  and  consequent- 
ly a  constant  resistance  could  not  be  maintained. 

If  the  resistance  developed  in  the  deposition 
of  a  membrane  is  resistance  to  endosmose,  then  v-e  should 
expect  a  greater  resistance  in  the  less  porous  cell. 
Experience  in  this  laboratory  has  sho'vvn  that  in  the 
very  porous  cells  there  is  low  resistance  in  the 
deposition  of  th.e  membrane,  v^hile  th.e  resistance  becomes 
greater  according  as  the  cell  is  less  porous.   Wow,  if 
the  membrane  is  successfully  deposited,  it  must  cause 
still  greater  resistance  to  endosmose,  aiid  if  a  very 
high  resistance  is  obtained,  it  can  be  taken  as  a  pretty 
•  certain  indication  of  the  satisfactory  condition  of  the 
membrane. 

If  the  membrane  is  strong  enough  to  resist  the 
effects  of  endosmose,  then  we  should  expect  the  resist- 
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ance  to  increase  v/ith  time,  and  finally  a  resistance 
to  be  reached,  which  v/ould  be  maintained  constant  for  a 
long  time.   Any  further  increase  in  resistance  would 
be  very  slow  on  account  of  the  now  small  additional 
membrane  deposited  hy   the  diminished  current.   If 
through  ciny  catise  there  should  be  in.jury  done  the 
membrane,  the  resistance  would  decrease.   There  is 
probably  a  voltage  at  which  the  endosemose  can  just  be 
withstood  by  a  given  membrane  without  in.jury.   Past 
experience  in  the  laboratory  has  shov/n  that  tlie  voltage 
of  110  is  best  adapted  to  the  deposition  of  the  copper 
ferrocyanide  membrane,  and  that  good  results  are  not 
obtained  with  a  much  higher  voltage.   To  determine  at 
v;hat  voltage  the  best  results  can  be  obtained  in  the 
deposition  of  an3'"  other  membrane,  the  problem  must  be 
taken  up  systematically,  and  some  considerable  time 
devoted  to  it. 

That  the  membrane  of  copper  cobalticyanide  is 
easily  injured  would  seem  to  be  confirmed  by  the  behavior 
observed  in  the  above  experiments.   The  effect  of 
bringing  to  bear  mechanical  pressijire  on  the  contents  of 
the  cell  seems  to  be  injurious.   In  Experiment  VI.,  a 
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rapld  rise  of  the  raeroiiry  was  observed  at  the  start, 
but  as  soon  as  the  nut  was  screwed  dov/n  on  tlie  stopper, 
the  mercury  fell.   subsequent  behavior  of  the  membrane 
upon  being  again  sub.jected  to  the  membrane  forming 
process  v/ould  seem  to  render  this  view  quite  probable. 
If  the  membrane  be  as  v/eak  as  the  above  experiments 
indicate,  it  can,  of  course,  be  of  no  service  in  the 
direct  measirrement  of  osmotic  pressure. 

However,  there  remains  one  consideration  that 
make'!  it  extremely  doubtful  as  to  hov;  much  importance 
should  be  attached  to  the  results  of  the  above  experi- 
ments.  After  these  experiments  had  been  made,  it  was 
decided  to  remove  the  cobalticyanide  membrane  from  the 
cell  and  replace  it  by  a  membrane  of  copper  ferrocyanide, 
it  being  desired  to  use  the  cell  in  the  exact  measure- 
ment of  the  osmotic  pressure  of  cane-sugar  solutions. 
Accordingly  the  membrane  of  copper  cobalticyanide  ?;as 
dissolved  in  ammonia,  and  the  cell  afterv/ards  prepared 
for  the  deposition  of  the  copper  ferrocyanide.   But 
all  attempts  to  secure  satisfactory  results  v;ith  the 
latter  membrane  in  this  cell  also  failed.   The  cell 
v;as  set  up  repeatedly  with  the  preliminary  half-normal 
sugar  solution,  but  never  was  a  pressure  of  more  than 
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five  atmospheres  attained.   This  failure  vras   probably 
due  to  the  previous  use  of  the  cell  v/ith  the  copper 
cobalticyanlde  membrane,  and.  the  removal  of  this 
membrane  as  described.   This  explanation  necessarily 
brings  up  the  question  whether  the  failure  to  obtain 
good  results  with  the  copper  cobalticyanide  was  not 
due  to  tJie  previous  use  of  the  cell  v;ith  the  membrane 
of  zinc  ferrocyanide.   Other  attempts  made  in  this 
laboratory''  to  remove  a  membrane  from  a  cell  and  after- 
wards obtain  satisfactory  results  with  the  cell  have 
also  failed. 

These  facts  serve  to  emphasize  the  importance 
of  exercising  the  greatest  care  in  the  selection  of  the 
cell  in  which  the  study  of  a  membrane  is  to  be  made. 
Probably,  if  a  nev;  cell  had  been  used  in  the  above 
experiments,  much  better  results  would  have  been  obtained 
Y/ith  the  copper  cobalticyanide  membrane.   On  account 
of  there  being  on  hand  at  the  time  only  a  limited 
number  of  available  colls,  and  the  desirability  of 
making  the  measurements  of  pressure  recorded  in  the  first 
part  of  this  paper,  the  author  could  not  pursue  the 
study  further.   ?/hile  the  experiments  made  with  the 
copTjer  cobalticyanide  membrane  do  not  settle  finally 
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the  question  of  the  possibility  of  using  the  membrane 
for  the  measurement  of  osmotic  pressure,  the  conclusion 
seems  viarranted  that  this  membrane  is  inferior  to  the 
membrane  of  copper  ferrocyanide. 

The  account  above  given  of  a  few  experiments 
with  the  membrane  is  offered  as  a  further  contribution 
to  the  Knowledge  of  the  sub.-ject,  vmich  it  is  hoped  v;ill 
be  of  service  v;hen  tlie  study  of  the  membrane  of  copper 
cobalticyanide  is  continued. 
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